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Preface 


“With things investigated, knowledge becomes complete.” Confucius 

For industry at large today, only one-half of all labor in a manufacturing plant 
does the ])roductive work of processing and assembling material into a product. 
The other half is expense labor engaged in service operations such as receiving, 
storing, transpdfting, inspecting, shipping, repairing, and office work. The serv¬ 
ices of this second group add notliing to the market value of the product and yet 
cost industry as much as the labor for making the product. 

In mechanizing factory operations over the past 100 years, comparatively little 
attention has been paid to plant service labor. Although improved machinery 
has succeeded in reducing direct operating cost on the one hand it has given rise to 
additional service cost on the other. Notable examples are in handling material 
to and from the new machines, repairing these machines, and new supervision 
and scheduling necessary to keep these machines operating. Attention has thus 
fai’ been focused largely on the design of productive machines to the virtual ex¬ 
clusion of the facilities needed to service material to and from these machines. 

As a result, much of the high speed and increased capacity available in the 
processing units in many plants today cannot be utilized because of antiquated 
arrangements of the plant facilities servicing production. The rearrangement 
of machinery and eciuipment to keep material handling and other service costs in 
line with imi)roved direct costs has become a standing problem in present-day 
enterprises. Planning rearrangements for existing plants and designing layouts 
for new jilants constitute the engineering functions of plant layout expounded in 
this book. 

Recognition of the growing need for a scientific approach to plant layout prob¬ 
lems and design is clearly evidenced in the hundreds of timely articles written on 
sp('cific applications of plant layout principles in engineering and trade periodicals 
since World War I. Aside from these publications, extensive research by the 
authors yielded only sketchy passages on this subject in some books on industrial 
engineering. 

In setting out to cover the unbounded field of plant layout engineering within 
the confines of one volume, the authors have centered their attention on salient 
aspects of layout problems encountered in more than 25 years of actual experi¬ 
ence in scores of manufacturing plants throughout this country. Extensive as¬ 
sistance was received from leading professional engineering companies and from 
plants forming a cross-section of practically all important types of industrial 
enterprise. A partial list of these contributory sources appears under “Acknowl¬ 
edgments” on page vii. 

A number of topics deemed connected only remotely with plant layout, or al- 
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ready treated at length in other works, were deliberately omitted. Some of these 
topics are plant location, building architecture, and construction engineering. 

As an aid to quick absorption of subject matter, several sets of elements, fac¬ 
tors, principles, and objectives have* been presented in itemized lists and tables. 
Special business forms rei)roduccd in these pages have been gathered from actual 
applications in several plants. 

This book has been written [)rimarily with the administrative executive and 
plant engineer in mind. It was also developed as a quick guide for senior and 
junior engineers and as a reference work for engineering colleges and schools of 
business administration. 


Pittsburgh, Pa. 
February, 1961 


R. W. Mallk’k 
A. T. Gaudreat: 
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PART 1 • APPROACH TO PLANT LAYOUT 


CHAPTER I 

The Role of Plant Layout 
in Management 

"By the draught we can find whether the house be suffitdent to con¬ 
tain all the works that are necessary to carry on the business ” 
Thomas Ellicott, in The Young Millwright and Miller’s Guide, by 
Oliver Evans, Philadelphia, 1795. 


1. PLANT LAYOUT AS THE BLUEPRINT OF MANAGEMENT 

In simple terms, plant layout is the functional arrangement of machinery and 
equipment in an existing, or for a contemplated, plant. This general conception is 
akin to a description of a balance sheet as an accounting statement of the finances 
of a company. Without a clear understanding of the contents and interrelation¬ 
ship of the various accounts listed on the balance sheet, however, the statement 
itself has little significance. Likewise, a plant layout drawing is practically 
meaningless without a sound knowledge of the underlying factors that govern 
the arrangement shown on the drawing. 

Functions of Plant Layout 

Plant layout is the master plan that integrates the factory grounds, buildings, 
floors, departments, machine tools, processing equipment, manufacturing methods, 
material-handling equipment, service facilities, flow of production, utilization of 
labor, and shipment of finished products into a unified machine of which manage¬ 
ment itself is the operator. It is not generally realized that management can be 
the designer and builder, as well as the operator, of this complex machine. 

Because of its compreliensive scope, plant layout is the joint product of the 
various fields of engineering and management. It is in effect the blueprint that 
physically co-ordinates the five basic factors of industrial management: men, 
materials, money, machinery, and markets. In integrating these management 
factors plant layout becomes the blueprint of management. It presents in 
graphic form the buildings and machinery needed to turn out, within the ap¬ 
proved investment expenditure and from the materials specified for the product, 
the volume of production required for the delivery schedule set by the accepted 
sales estimate for an established or a contemplated plant. 

Focal Point of Management Activities 

As the hub from which the enterprise radiates into a unified wheel of industry, 
plant layout reaches into general administration by determining the economical 

1 



2 


PLANT LAYOUT IN MANAGEMENT 


plant capacity needed to meet sales requirements according to manufacturing 
specifications. In fixing this capacity, plant layout specifies the justifiable 
amount of investment in land, buildings, machinery, equipment, and labor force. 
In the field of manufacturing operations, plant layout directs the flow of work 
in process and governs the incurrence of labor, fuel, supplies, maintenance, de¬ 
preciation, taxes, and other factory overhead, all of which constitute the manu¬ 
facturing cost expended to convert raw material into finished products. In 
effect, plant layout is the key plan which co-ordinates the management divisions 
of sales, finance, engineering, production, and accounting into a joint undertak¬ 
ing to yield a net profit to the business. It is the over-all economic pattern of 
what a manufacturing enterprise can do profitwise with its production facilities 
in a competitive market. 

Definition of Plant Layout 

A manufacturing establishment is commonly referred to as a plant, a works, 
a mill, or a factory, depending upon precedent within the particular industry 
group to which it belongs and upon the type of manufacturing being done. In 
this book the word “plant^’ covers all four of these designations. 

As it applies today, a plant layout design may be defined as a floor plan for 
, determining and arranging the desired machinery and equipment of a plant, 
whether established or contemplated, in the one best place, to permit the quickest 
flow of material at the lowest cost and with the least amount of handling in 
processing the product, from the receipt of raw material to the shipment of fin¬ 
ished products. 

Flow of Materials through a Plant 

The material handling planned in the plant layout begins at the receiving 
point, where the material arrives as raw material, then continues progressively 
from storage tlirough j)r()cess, moving in the form of worked material from de¬ 
partment to department, from machine to machine, from operation to operation 
on each machine, and, of particular importance, between the worker and the 
machine on each operation. In the form of piece parts or worked material, the 
material flows in and out of temporary storage and is fed through assembly lines 
for subassembly and final assembly. Provision is made for inspecting, packag¬ 
ing, and storing the material as finished products and for finally loading the 
products on the shipping platform for shiynnent to customers. 

2. MANAGEMENT FACTORS INFLUENCING PLANT PLANNING 

Evolution of a Plant Layout 

The analysis of an existing layout or the planning of a new project are funda¬ 
mentally economic studies embracing product design, market survey, product 
analysis, sales analysis, time analysis, plant volume, geographic area, productive 
labor, manufacturing machinery and equipment, material storage, transporta¬ 
tion space, tools, inventories, production control, material handling, manufac- 
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turing costs, plant site, factory buildings, plant investment, and operating profit. 
The planning of a plant is thus something more than the common conception 
of shuffling templates or scale models on a floor plan. The successful develop¬ 
ment of a plant layout entails a succession of ideas and considerations originat¬ 
ing in practically all the departments of an organization. 
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FACTORY BUILDING DESIGN 


Fig. 1. Evolution of information for a plant layout. The various separate sources from 
which this information is secured and tlic related sequence in which the data are integrated 

in process of development. 


Because of the broad range of separate management activities affected by 
plant layout, the ultimate penalty resulting from an improper layout can seldom 
be wholly identified with any single branch of management, such as engineering 
or production. The penalty imposed upon an enterprise by an improper layout 
may escape detection for several years, sometimes not until the management 
undergoes a reorganization. Then, too, the inefficiency of a layout is naturally 
not so obvious to the average operating executive as to a trained observer. For 
this reason, the latent possibilities of improvement are frequently overlooked 
because of an incorrect or incomplete appraisal of the multiplicity of manage¬ 
ment factors that influence the plant layout. 
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From Product Design to Machinery and Equipment 

The co-ordination and interdependence of the basic information secured from 
the various separate sources and the related sequence in which these contribu¬ 
tions proceed from one to the other are outlined in Figure 1, the approach to 
plant layout. At the root of the plant layout are the product design from the 
engineering department and the market survey of the product from the sales 
department. The product design supplies the basis for the product analysis in 
developing process charts and bills of material. From the process charts, time 
and motion studies are made to determine the sequence of operations, types of 
work stations, and the time values of the processing operations, which in turn 
lead to the selection of the proper manufacturing machinery and equipment suit¬ 
able for the production volume necessary to meet the requirements of the sales 
volume. 

From Market Survey to Machinery and Equipment 

The sales volume is in turn determined from the sales trends indicated in the 
sales analysis made from the market survey, which is the second of the two 
separate starting points. The evolution from product design to the selection of 
machinery would thus fall short at this point if it were not co-ordinated with 
the independent development of the market survey down to production volume. 

From Machinery and Equipment to Plant Layout Design 

Manufacturing methods form the basis for determining the proper wage pay¬ 
ment plan, which, coupled with the time allowance per operation, ascertains the 
number of productive employees and work stations required in the plant layout. 
Paralleling this development, the geographic area for the plant, the material 
storage requirements, and tlie receiving and shipping space to be provided for 
in the layout are similarly interrelated and determined. Added to this prelimi¬ 
nary information are the sizes of necessary inventories of tools, raw materials, 
work in process, and finished products. The manufacturing layout proper does 
not begin until all these factors have been carefully weighed and reconciled. The 
failure to reconcile all these factors before shuffling templates or models on the 
fioor plan accounts for the ineffectiveness of many layouts. 

Estimating Operating Costs from Plant Layout 

The finished plant layout creates the pattern for determining the remainder 
of manufacturing costs not already reflected in raw material consumption, pro¬ 
ductive labor hours, and depreciation of machinery and equipment. In creating 
this pattern, the plant layout positions manufacturing machinery and equipment 
at definite points along the production line, and thereby makes possible a de¬ 
pendable evaluation of maintenance. In mechanizing certain operations by the 
use of material-handling equipment, and in selecting stores equipment and plan¬ 
ning plant utilities, plant layout supplies the basis for predetermining factory 
expense labor and material, and general maintenance. Furthermore, by incor- 
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porating the power plant and equipment in its plans, plant layout provides a 
definite basis for power cost. 

From Operating Costs to Factory Building. Design 

Having thus evaluated all operating costs, plant layout is then ready for de¬ 
velopment into finished floor layouts. These in turn prescribe the size of the 
factory building or buildings to be designed, and provide the basis for designing 
a tentative plot plan layout to assist in selecting a suitable plant site. It is at 
this point that the factory building is designed, for not until the contents of the 
building have been definitely determined can a suitable building be designed to 
house the contents. 

3. REARRANGING OR PLANNING A MANUFACTURING PLANT 

Distinction between Plant Layout and Building Design 

Plant layout is not to be confused with building design. In an existing build¬ 
ing, plant layout is restricted by structural limitations. In building a new plant, 
however, the layout can be developed first, and a factory building designed after¬ 
wards to house the layout. As a corollary to this precept, the layout itself can¬ 
not logically be made until the volume and flow of production have been specifi¬ 
cally determined, correlated, and timed. 

The particular phase of plant layout that is perhaps the most familiar is the 
moving of templates and scale models around a floor plan. This function is not 
only of minor significance but is one of the last steps in layout work. Before 
moving machinery templates on a floor plan, the quantity and capacity of each 
type of machine, work station, and inspection point must be calculated. The 
layout picture itself has but little value unless supported by correlated facts and 
sound calculations. Of still greater importance to the management is the correct 
interpretation of the layout picture to permit a joint consideration to be made 
of the adequacy, economic justification, and preference of the plan. 

Planning Plant Layouts from Predetermined Facts 

Planning a manufacturing plant or any other producing unit can be and fre¬ 
quently is done with the same scientific degree of precision attained in designing 
a piece of mechanical equipment. True, the materials and formulas may differ, 
but the end result—an economic unit for the production of goods—is the same. 
Just as an engine or a building structure is designed from predetermined facts 
and relationships, so a plant layout can be designed from predetermined capaci¬ 
ties and characteristics. This point requires emphasis, for there exist today 
numerous plants where the production capacities and characteristics are prac¬ 
tically unknown to the management. As a result, many of these plants are inef¬ 
ficient production units operating at a loss, giving rise to undetectable manage¬ 
ment problems. Even more deplorable is the fact that new plants are continu¬ 
ally being built with faulty layouts which often doom these plants to inevitable 
wastes of investment long before production is started. 
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Machinery is selected to perform certain operations at certain speeds. Opera¬ 
tions are based on customer demand and market competition. From the per¬ 
functory gesture of shuffling templates, we have thus backtracked through vari¬ 
ous departments to find the origin of the need for a plant layout study. When 
all of the contributing factors have been duly weighed in their logical sequence, 
it may be discovered even before undertaking to make a layout that a new lay¬ 
out is not needed after all. 



Fig. 2. Engineering a machine tool. The quality of this modern engine lathe requires that 
only the best in sound engineering be incorporated into its design. Do we do as good a 
job of engineering the plant that will use the machine? {Courtesy of Gaudreau, Rimbach & 

Associates, Pittsburgh.) 

Engineering a Machine versus Designing a Plant Layout 

Seldom does a far-sighted executive consider engaging other than competent 
engineering talent to design a new machine or a new product. Yet the same 
executive often does not hesitate to relegate the layout planning of his plant, 
worth perhaps a thousand times the cost of that new machine, to the question¬ 
able designing ability possessed by foremen, technical clerks, junior engineers, 
or maintenance supervisors. So deep-rooted is this practice that it is escaping 
the attention and scrutiny of otherwise efficient management. It marks, in fact, 
one of the most prolific sources of operating inefficiency, with attendant losses. 
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in American industry today. Figures 2 and 3 contrast the scope of engineering 
design for an engine lathe valued at $5,000 with the design of a plant valued at 
one thousand times that amount, namely, $5,000,000. 



Fif; 3. EnqiuecnnQ a j)lant. Grouped about the photo^crapli of this typical industrial plant 
:ir(' some of the ecpiipment, facilities, and services which, when assembled, make it an offi- 
(•lent production unit. Arc we as careful about engineering the whole plant as we arc of 
(‘iigmeering its d(^tailed parts? iCmirtesy of Gaudreau, Rimbach it* Associates, Pittsburgh.) 


4. INCREASED PRODUCTIVITY WITHOUT GREATER EFFORT 
Unknown Cost of Material Handling 

Recent surveys indicate that the materials in production operations are seldom 
actually processed, or worked on, for more than 40 percent of the time they are 
in process, the remainder of the operator's time being devoted to handling the 
materials at the work station. Just how much money is spent for material 
handling in a plant is not usually known, as it is not revealed in cost accounts. 
True, there may be separate shop expense accounts for receiving material, for 
storerooms, for crane operators, for truckers, for material handlers, for plant 
transportation, for shipping, etc., covering workers whose entire time is spent on 
material handling. No account is kept, however, of the amount of time spent 
by process operators in moving material at their respective stations. 

















Subject charted: Bar of steel 
Chart type: 8" mill roimds 
Operation: Strengthen, pickle, and oil 
Department: Bar finishing (in a steel mill) 


Description of Method 


Await crane at furnace annealing 


Hooked 


' To transfer car (crane) 


Unhooked 


I To No. 1 building (transfer car) 


Hooked 


To straightening storage (crane) 


Unhooked 


Await straightening machine and crane 
Hooked 


To straightening machine (crane) 


Unhooked 


Tie wires removed 


Straightened, inspected, cradled 


Wired with tie wires 


I Await crane 


To transfer car (crane) 


Unhooked 


To No. 2 building (transfer car) 


Hooked 


To pickle (crane) 


Tie wires removed 


Pickled, washed, rinsed, dried 


Wired for shipment 


To storage ahead of oiling (crane) 


Unhooked 


Await oiling 


Dipped in oil tank 


Unhooked on drying braces 


Dried 


Hooked 


1 To storage 


Unhooked 


Await shipment 



lESDOlQia 


Fig. 4. Preponderance of novr-productive work elements. Out of 38 work elements in finish-* 
treating a bar of steel, only 3 (solid black circles) represent actual processing. The remaining 
35 elements are considered non-productive and hence an economic drain on costs. 







































INCREASED PRODUCTIVITY 


9 


A close approximation of the true labor cost of material handling may readily 
be made by roughly analyzing the number of minutes per hour each process 
worker and service employee connected with manufacturing operations spends 
in actually moving material To this labor cost must be added supervisory labor, 
expense supplies consumed incidentally in material handling, repairs to material¬ 
handling equipment, and fixed charges on this equipment. Only too often the 
management has no idea of what the true cost of material handling really adds 
up to. This cost is buried in total manufacturing cost, and defies detection and 
analysis. 

Material-Handling Cost Hidden in Process Labor 

As an illustration of the time spent by process workers in handling materials, 
a listing is given in Figure 4 of the 38 work elements in finish-treating a bar of 
steel. Out of the 38 elements, only the following three represent actual process¬ 
ing of the bar: 

No. 14. Straightened, etc. 

No. 24. Pickled, etc. 

No. 31. Dipped. 

The remaining 35 elements are considered non-productive. These are summa¬ 
rized below: 


Method 

Number of 
Elements 

Hooked and unhooked 

14 

Tie-wired 

4 

Dried 

1 

Inspected 

1 

Transported 

10 

Stored 

5 

Total elements 

35 


In processes requiring a considerable amount of raw material, the true cost of 
material handling, when known, is usually the largest single item of cost, and it 
often accounts for 70 percent of the total labor cost. The money expended in 
handling materials does not add sales value to the product. This economic drain 
may be attributed to a number of factors, such as improper plant layout, inade¬ 
quate material-handling systems, and overmechanized processing coupled with 
undermechanized handling, improper storage facilities, ill-timed production 
scheduling, etc. 

Increase in Output through Better Layout 

Scientific layout and routing of material flows had, until World War II, been 
practically ignored in many enterprises. The savings to be realized from this 
source were not previously recognized largely because of the lack of a sound 
approach to plant layout engineering. Increased production through better lay¬ 
out is being attained by reducing wasted labor rather than by making the 
operator expend more effort. Higher wages and increased productivity without 
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greater effort from the worker are thus made compatible by the reduction of 
wasted labor in productive operations through scientific plant layout. 

The Only Ceiling on Wage Rates 

High wages, when actually earned, cease to be high. When a plant is so laid 
out that wasted labor is held at a minimum, ability to earn is made more readily 
possible. This ability to earn is the only ceiling on wage rates, but the ability 
must be made possible by management by periodically rearranging the layout 
according to more efficient design. 

The One Remaining Great Opportunity for Lowering Costs 

The fact that the total material-handling cost remains unknown in most plants 
largely accounts for the lack of realization that material handling offers the one 
remaining great opportunity for cost reduction within reach today. The possi¬ 
bilities of making a major reduction in manufacturing costs through revising 
existing plant layouts are virtually untouched in industries outside the meat¬ 
packing industry, the automotive, chemical, and food industries, and certain 
foundries. The role that plant layout plays in increasing productivity, and the 
unbounded field it opens in reducing costs without disturbing labor rates or sac¬ 
rificing the quality of the product, while at the same time lessening the worker^s 
effort, forms the subject matter of this text. 

5. POSITION OF PLANT LAYOUT IN MANAGEMENT 

Layout Data Developed in Methods Engineering 

As already pointed out, the finished plant layout design is the joint product 
of all the divisions of management. Plant layout engineering begins at the point 
where sales forecasts have been converted into estimated plant output. The 
plant layout engineer, with the assistance of the methods engineer, analyzes the 
product into its separate manufacturing operations and expresses these opera¬ 
tions in terms of time values on specific types of machines. This analysis indi¬ 
cates the volume and sequence of operations, the quantity of each type of ma¬ 
chine needed, and the requisite manpower. 

Laying Out Production Flows 

With this as a nucleus, the plant layout engineer begins his work of charting 
production flows, storage spaces, machine locations, material-handling equip¬ 
ment, power supply, etc. No longer are plant buildings determined by merely 
summarizing the area required for each machine. The plant layout of today is 
the result of analyzing and co-ordinating all the factors that enter into the 
design of the layout. 

Machinery Selection and Building Design 

From the data developed with the methods engineer, the plant layout engineer 
draws up an itemized list of machinery and equipment needed in the layout 
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plans, and secures purchase and installation costs for these items. The layout 
plans are then reviewed by the construction engineer, who proceeds to design a 
building or buildings to the requirements of the floor layouts. The accountant 
then estimates sales values, cost of sales, and gross profit on the output projected 
on the proposed plant layouts. 

The plant layout engineer specializes primarily in designing production flows 
and plant arrangement, selecting material-handling equipment, and expressing 
f)roduction plans in terms of capital investment required for the machinery and 
equipment reflected in the floor layouts. In order to acquire proficiency in his 
field, the plant layout engineer may devote his lifetime to the study of the 
functions of plant layout and to the keeping abreast of modern improvements 
in manufacturing methods, machinery, and equipment. 

The Company-Wide Plant Layout Department 

Plant layout activities vary in scope and duration in proportion to the size 
of the plant. Recognition of the importance of assigning competent engineers to 
plant layout work is evidenced in many large enterprises by the establishment 
of plant layout departments in individual plants and in company headquarters 
staff organizations. A specimen functional chart for such a company-wdde plant 
layout organization is shown in Figure 5. The chart divides the headquarters 
plant layout department into the following five sections: (1) survey section, 
(2) planning section, (3) field section, (4) layout section, and (5) drafting sec¬ 
tion. For each section the required type of personnel is given, and the scope of 
activities is listed. The entire field of plant layout engineering is thus broken 
down into 73 activities interrelated between five sections of the plant layout de¬ 
partment. 

Plant Layout and the Plant Engineer 

In some plants, the plant layout department reports to the plant engineer. In 
the larger plants, the plant layout departments report directly to the general 
manager. This separation arises from the fact that, in the larger organizations, 
the plant engineer is concerned primarily with construction and maintenance 
work and is usually too absorbed in these activities to devote enough of his time 
to the 73 largely specialized activities listed in Figure 5. Another reason is 
that, on a new project, the w^ork of the plant engineer normally begins at the 
lK)int where the plant layout engineer’s responsibility ends. This line of demar¬ 
cation overlaps considerably in many organizations, however, depending upon 
the relative experience and status of the plant layout engineer in charge, or of 
the magnitude of the plant layout projects on foot. 

Outside Consulting Engineers 

Where the plant is not large enough to maintain a permanent engineering staff 
to do layout work, consulting engineers are brought in to develop the layout 
plans. Consultants are also retained in the larger plants when major construc¬ 
tion projects are contemplated or undertaken. In most cases, architects are 
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activities interrelated among 5 sections of the organization. 
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called in to develop the construction plans. The actual construction work is 
sometimes performed by the plant forces, but more usually by contractors or by 
firms of construction engineers. When new plants or additional buildings are 
constructed, the entire project from planning to actual construction is often 
undertaken by outside engineering firms. 

6. PLANT LAYOUT ORGANIZATIONS IN DIFFERENT PLANTS 

Indiscriminate Assignment of Plant Layout Work 

Plant layout engineering in many companies has not yet received the recog¬ 
nition of a separate branch of industrial engineering. For this reason, it is not 
uncommon to find the responsibility for plant layout work intermingled with 
the duties regularly performed by line organization men, foremen, department 
supervisors, and shop technical clerks. In other firms, the work is carried on by 
one or more full-time plant layout engineers and draftsmen. In still other firms, 
the work is done by consulting engineers, industrial architects, or building con¬ 
tractors. The personnel doing plant layout w’ork in a plant therefore varies 
with many companies. No standard pattern of plant layout section or depart¬ 
ment within a plant organization has been developed except in the more ad¬ 
vanced or larger establishments. 

Variable Status of the Plant Layout Group 

In plants that maintain a plant layout group, the personnel in that group is 
sometimes considered a part of some activity such as the ^^cost reduction^^ de¬ 
partment or the plant manager’s staff. The exact position of the plant layout 
group of engineers, draftsmen, and clerks in the plant organization has not yet 
been determined in practice. In some firms, the plant layout activity has at¬ 
tained the distinction of being a separate engineering department on a par with 
that of product-design engineering, tool engineering, time-study, and process 
engineering. Plant layout organizations in these companies usually command 
significant attention and influence in the planning councils of the plant manage¬ 
ment. 

Proper Size of the Plant Layout Group 

The size of the plant layout organization, whether designated as a group, a 
section, or a department, depends primarily upon the nature of the processes, 
as in continuous manufacturing, or the size of the plant force, as in intermittent 
manufactures. A large manufacturing company in the metal-trades field, oper¬ 
ating widely scattered plants of varying sizes ranging from a plant of 200 em¬ 
ployees in a small town up to a concentrated establishment of over 25,000 work¬ 
ers, has developed the following yardstick for determining the proper size of the 
plant layout staff. This is based on full-time employees to insure the adequate 
handling of the normal plant layout work at its various plants: 

1. For the first 500 employees on the payroll: one engineer capable of super¬ 
vising temporary assistants. 
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2. For each additional 1,000 employees: one additional plant layout engi¬ 
neer and one draftsman. 

3. For each 10,000 employees: a plant layout consulting engineer on the 
company payroll. These consultants are usually staff members of the 
headquarters organization. 

For normal, everyday activities, this size of plant layout organization has been 
found to be satisfactory over a number of years. During periods when projects 
of a major character are undertaken, temporary personnel are added to the 
regular plant layout force as needed. On single projects of significant scope, it 
is not uncommon to find as many as 20 plant layout engineers and draftsmen 
working at one time, particularly when a time schedule has to be met for the 
project. 

Plant Layout as a Separate Function 

Experience has shown that the delegation of the responsibility for plant plan¬ 
ning and layout to the head of a staff primarily engaged in some other activity, 
such as i)lant engineering or methods engineering, has seldom produced the de¬ 
sired results. Plant layout engineering has more and more become recognized 
as a major function of plant management in the years since 1925. It must be 
borne in mind that the plant layout integrates all the plant functions into the 
master plan of plant operations, and therefore should not be subordinated to 
any activity which is only a subdivision or component of the enterprise. (See 
Figure 5.) If a plant is to be kept abreast of modern developments in machine 
design, material-handling equipment, and the economical flow of work, the plant 
layout function can no longer be shifted around among line supervisors or junior 
executives as a matter of passing importance. 

Plant layout is a recurrent and ever-present ju-oblem of decisive influence on 
plant operations. For this and other reasons already advanced, the responsibility 
for recognizing and solving plant layout problems calls for management engi¬ 
neering talent of the highest order, from the stand[)oints of technical knowledge 
and ability, to visualize operating advantages from the scientific arrangement of 
plant facilities. 

7. PERSONAL APTITUDES REQUIRED IN PLANT LAYOUT WORK 

Personnel Pitfalls in Plant Layout Work 

In companies where a plant layout section or department is maintained as a 
part of the regular organization, the personnel making up the plant layout group 
are usually selected on the basis of certain special qualifications required for the 
proper performance of plant layout. Many a good plant layout plan has never 
gotten beyond the drafting table because of the lack of certain personal charac¬ 
teristics and aptitudes on the part of the plant layout engineers who developed 
the plan. 

The labor force may have resented the engineers’ tactics in developing the plan 
and, as a result, raised objections which would have made the layout unwork- 
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able. Or the planning engineers may have failed to enlist the support of some 
foremen, supervisors, department heads, process engineers, maintenance engi¬ 
neers, etc., to the point where their concerted resistance to the plan doomed its 
acceptance by the management. Lastly, and perhaps of most frequent occur¬ 
rence, the presentation of the plan to the management for approval may have 
failed to bring out clearly the true economic justification of the proposal. Engi¬ 
neers are proverbially deficient in knowledge of the economic aspects of a manu¬ 
facturing project, be it plant layout, product design, selection of machinery, oper¬ 
ating costs, or capital outlays for plant and equipment. 

Personal Characteristics Required 

To guard against the waste of cost and effort in designing plant layouts that 
fail to gain acceptance because of improper co-ordination of effort or lack of 
clear perspective from a management standpoint, certain characteristics and spe¬ 
cialized abilities are customarily sought in candidates considered for plant layout 
(‘ngineering work. The principal qualifications most commonly considered as 
i-equisites in the make-up of a plant layout engineer are enumerated below. Not 
all tliese qualifications are expected to be found in any single individual, but 
c*noiigli of them should be possessed by various members of the plant layout group 
so that the aggregate of all individual qualifications covers the major portion of 
the list that follows. 

PERSONAL CHARACTERISTICS REQUIRED IN l>LANT LAYOUT ENGINEERS 

1. Analytical mind. Ability to analyze a protluct into its manufacturing operations, 
and break down the operations into their motion elements. When several products, 
each with its own set of operations, are involved, it takes a “master of detail” to 
wade through the inevitable maze of figures on quantities, time values, and machine 
loads without bec^oming inextricably entangled. 

2. Vision. Faculty to visualize mentally, in advance of drawing up plans, the detail 
functions of the contemplated layout. The engineer’s imagination should be capable 
of perceiving a complete work station, the motions of the operator at the nebulous 
work station, the flow of material between work stations, the stoppage points of 
work in process, and the functions and scope of the contemplated storerooms, tool¬ 
rooms, and service facilities. 

3. Personality. Ability to get along with people in all levels of the organization, and 
to question people without antagonizing them. This ability to win cooperation is 
recognized as the most valuable asset in any person’s make-up, and a marked degree 
of this quality is manifestly indispensable in approaching the labor force, contacting 
supervisors and department heads, and reporting findings to the management in 
the form of recommendations. 

4. Leadership. Knack of drawing people into the project and of making them feel 
that they are contributing to the formulation of the plans. With this sense of being 
a party to the project, the co-operative support of co-workers in securing management 
approval of the plan and in making the installation afterwards is invariably obtained 
in a measure that usually guarantees the operating success, if not the economic 
wisdom, of the undertaking. 

5. Salesmanship. Ability to convey clearly to the management the relative merits of 
the proposed layout. The presentation of the proposal entails considerations of 
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operating costs, capital outlays, various alternatives, economic projections, return on 
investment, etc., which combine to justify or condemn the project. In order to be 
able to convince the management of the relative merits of the layout in these terms, 
the layout engineer must not only be familiar with the nature of these aspects but 
must be able to write and discuss these considerations without difficulty. 

8. QUALIFICATIONS OF THE PLANT LAYOUT ENGINEER 

Variations in Duties of Plant Layout Engineers 

The duties and responsibilities of a plant layout engineer vary in scope, al¬ 
though not necessarily in type, with the size of the project he happens to be 
developing. For a minor plant layout job, such as revising a work station or a 
small group of operations, he may perform all the duties from making detail 
drawings of existing arrangements to the final development of the finished re¬ 
layout. 

His duties will vary also with the size and type of the plant organization. In 
a small organization where he spends only a part of his time on plant layout 
work, being occupied otherwise perhaps as plant engineer, he will delegate most 
of the plant layout work to one or two draftsmen and will confine his layout 
attention to the supervision of these men. 

Consequently, this type of plant layout work is of necessity centered on the 
drafting board. In larger plants, where plant layout engineers work as such 
on a full-time basis, the duties and responsibilities of a plant layout engineer are 
largely standardized and prescribed. In this case, the plant layout engineer must 
be capable of laying out a complete project ranging in size from a single work 
station to the development of an entire new plant. 

Technical Qualifications Required 

To qualify as a full-time plant layout engineer capable of successfully dis¬ 
charging the duties and of independently carrying out the responsibilities of this 
position, the following background of education and experience, coupled with 
the analytical characteristics indicated, is a desirable asset. Some engineers pos¬ 
sess many of these qualifications to a satisfactory degree, but seldom are they 
all found in high degree in any one individual. It is necessary, therefore, to seek 
a candidate equipped with the largest measure of the requirements enumerated 
below: 

1. A sound knowledge of the basic sciences of physics, chemistry, mathe¬ 
matics, mechanics, cost accounting, and business management, plus a 
close familiarity with the principles of mechanical and architectural 
drawing. 

2. A working knowledge of time and motion study, manufacturing processes, 
operation analysis, production control, and the functions of industrial 
plant organizations. Actual operating experience in the plant is particu¬ 
larly desirable. 
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3. Ability to develop co-ordinated plant layouts ranging in scope from a 
single work station to a complete plant. This function entails the sup¬ 
porting capability to determine accurately the floor space, quantity of 
processing equipment, type of material-handling equipment, and extent of 
transportation facilities, plant services, and auxiliaries required for a 
complete project. 

4. Sufficient knowledge of industrial building design and construction to be 
able to develop layouts that are practical from a construction standpoint 
and are in conformance with standard building codes. 

5. Sufficient knowledge of mechanical and electrical engineering principles 
to be able to develop preliminary layouts for plant services and utilities. 

6. Ability to analyze thoroughly the material-handling and storage require¬ 
ments for a project and to design or specify facilities for these require¬ 
ments. 

7. Analytical ability to develop a number of alternative plans and to weigh 
their relative merits before presenting the final proposal to management. 

Principal Functions of the Plant Layout Engineer 

When the plant layout engineer is on a project or in an organization where he 
has assistants under him, or where assistants are available as needed, many of 
his functions can be delegated to these subordinates. In Table 1 are listed the 
23 principal functions of the plant layout engineer and the portions of these 
functions which may be delegated to detail engineers, project draftsmen, and 
detail draftsmen assigned to plant layout work. 

Draftsmen’s Activities 

The first seven functions, dealing principally with making drawings, taking field 
notes, and preparing flow charts, etc., are assigned to detail draftsmen, although 
some of these functions are also delegated to project draftsmen. In addition to 
these detail duties, the project draftsmen also function as instructors to junior 
draftsmen and are expected to be able to prepare the plans for a complete project 
and to design material-handling and storage facilities. 

Duties of Detail and Project Engineers 

The detail engineer comes in at this point and, besides sharing some of the 
project draftsman's work, holds the responsibility for analyzing all engineering 
data concerning products, time studies, production, quality control, and plant 
facilities, and for developing the plant layout in template or model form. The 
remaining eight functions of plant layout work are reserved for the plant layout 
project engineer. Upon him rests the responsibility of developing complete lay¬ 
outs, preparing building specifications when needed, imparting engineering knowl¬ 
edge to subordinates, surveying the facilities and capacities, and contacting the 
personnel in various other departments, such as sales, production, time study, 
accounting, etc., for information concerning the projects. 
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TABLE 1. PRINCIPAL FUNCTIONS OF PLANT LAYOUT PERSONNEL 


CLASSIFICATIONS OF 
PLANT LAYOUT 
PERSONNEL * 


Func¬ 

tion 

Num- 

QUALIFICATIONS AND RESPONSIBILITIES 
(X in right-hand columns denotes personnel re¬ 
sponsible for each function listed below.) 

Draftsmen 

Engineers 

ber 

D(‘tail 

Project 

Detail 

Proj(‘cl 




Draftf- 

Drafts- 

Engi- 

Engi- 



man 

man 

neer 

noor 


Make neat and accurate detail working drawings of ; 





1 

a. Building floor plans for a factory department. 
h. Arrangements of machinery and equipment. 

X 




2 

X 




3 

c. Renderings of existing and proposed plant facilities. 

X 




4 

Take field notes that can be used by other co-workers. 

X 

X 



5 

Prepare flow charts, diagrams, and schematic sketches. 

X 

X 



6 

Use and interpret building codes of standard practices. 


X 

X 

X 

7 

Adopt and follow the company's standard drafting 






practice. 

X 

X 

X 

X 

8 

1 Instruct and direct junior draftsmen in taking 






notes. 


X 



9 

Instruct and direct draftsmen in technical phases of 






the work. 


X 

X 

X 

10 

Draw a complete project of existing or new plant 






facilities, including service areas and ground im¬ 
provements. 


X 

X 


n 

Devise and design material-handling and storage 






facilities in complete detail. 


X 

X 

X 


Interpret, prepare, compile, and analyze engineering 






data: 





12 

a. On products, existing or new. 



X 


13 

b. From time study, production, and quality control. 



X 


14 

c. On equipment, buildings, and plant facilities. 



X 


15 

Develop plant layout arrangements in template or 
model form. 



X 


16 

Develop complete plant layouts for an entire project, 






covering the manufacturing and service facilities, 
grounds, and ground improvements. 




X 

~17~ 

Prepare specifications for architects and contractors. 




””x 

18 

Impart engineering information to design draftsmen. 



X 

X 

19 

Survey the manufacturing facilities and capacities. 

i 



X 

20 

Prepare construction requirement schedules for the 






project. 



X 

X 


Pr^are, maintain, interpret, or supervise others in: 
a. The establishment of complete project records. 
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X 

22 

b. The translation of field notes into reproduced 






plans and records of existing facilities. 




X 

23 

Co-ordinate the plant layout work on the project 






with the personnel in the works engineering, sales, 
production, time study, process engineering, ac¬ 
counting, and factory departments to assure the 
procurement of correct and accurate source infor¬ 
mation and records and of the true objectives of 






the project. 




X 


* In plant layout departments consisting of more than one person, the duties of the plant layout 
engineer may be delegated to detail engineers and draftsmen. The duties of each of these men 
may be overlapped, as needed, depending on individual qualifications and capabilities possessed 
by the personnel. 
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Responsibilities of the Plant Layout Supervisor 

In some plants where the size of the plant layout department permits it, a 
plant layout supervisor is in charge of all plant layout activities. This super¬ 
visor devotes the greater portion of his time to directing the work oh the various 
projects being developed and to contacting the various plant and office depart¬ 
ments outside his own. Another major function of the supervisor is to prepare 
and make the presentation of the completed proposal to top management. When 
the project is later installed, the plant layout supervisor is often called upon to 
co-ordinate the work of the building architects and contractors toward the fulfill- 
iiieiit of the objectives of the layout. 



CHAPTER II 


Ascertaining the Need 
for a Re-Layout 

1. WHEN TO CONSIDER A CHANGE IN PLANT LAYOUT 

Mushroom Growth into Improper Layouts 

A large manufacturing establishment is almost always the outgrowth of addi¬ 
tions made to existing buildings. As a business expands, new bays are con¬ 
structed adjacent to existing ones, a roof placed over them, and the completed 
offshoot sometimes designated as another building. Plants which have been ex¬ 
panding {liecemeal over a period of years without paying much attention to the 
over-all arrangement are today confronted with the necessity of competing with 
the lower production costs being enjoyed at other plants where the advantages 
of an integrated plant layout have already been introduced. 

In many industries today, despite our much-vaunted mechanical age, there is 
more labor cost incurred in picking up material, laying it down, feeding it into 
machines, transporting it in the plant, storing it, and handling it in general, than 
there is in actual processing or fabricating. Inadequate plant capacities, exces¬ 
sive plant investments, or costly operating conditions within a plant, all due to 
improper plant layout, are fixed impediments to profitable plant operations. 

First Signs of an Improper Layout 

The need for a change in plant layout is usually first reflected in unfavorable 
costs. It may also arise from the introduction of new products, or become evi¬ 
dent from a change in the market demand, either up or down, for the existing 
products. More usually, however, bottlenecks in the flow of production are 
brought up by the production department for possible solution through a re¬ 
arrangement of machinery and equipment. Preliminary indications of the need 
for a rearrangement of equipment are often based upon visible effects rather than 
upon underlying causes, the remedying of which latter source might dispense 
with the apparent need of a change in layout. 

Why Product Costs Appear High 

When profits are good, the tendency is to increase plant capacity in order to 
secure more of the good profits. When profits are low, on the other hand, or 
when the enterprise is operating at a loss, the tendency then is to overlook plant 
capacity and to clamor about high costs. But what is it that makes costs appear 
high? Obviously it is the low profit or operating loss being realized by the enter- 
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prise. But do high costs automatically disappear when profits are good? When 
all the facts are known, the plant that has high costs in periods of low operating 
profit has equally high costs, often higher, in prosperous times, with a given 
plant layout. 

Material and labor costs are high only when improperly incurred. The selling 
price of the product has little, if any, direct relationship to high costs because 
sales income does not regulate the degree to which cost outgo is utilized. The 
sales price of a finished product normally influences the quality put into the 
product, but it does not necessarily govern the amount of unwarranted or wasted 
labor, material, or operating expense incurred in factory operations. Such un¬ 
warranted waste is occasioned largely by the improper layout of the plant. 

Keeping Layouts Abreast of Business Changes 

Management is the unseen force that drives all plant operations. The true 
test of the efficacy of an industrial organization is its ability to adjust its produc¬ 
tion facilities to the changing conditions of business and to forever look beyond 
methods inherited from the past. Plant layout requirements are constantly 
changing, for without change there can be no progress. Periodical expansion and 
inevitable changes in product eventually make the best laid out plant obsolete 
unless the layout is kept apace with business changes. When a plant fails to 
make the required layout changes from time to time, it usually finds itself con¬ 
fronted with the need of a complete reorganization plan. By continually chal¬ 
lenging the arrangement of its plant facilities, top management is able to take 
advantage of all new improvements in operations as they arise. 

Plant Planning Never Ceases 

Planning the capacity of a plant is a continual problem for top management, 
and it varies in form as time moves on. The problem may arise from adding 
new products, new sales outlets, new equipment, new employees, new depart¬ 
ments, new processes, or new safety measures, or it may arise from a retrench¬ 
ment of activities. Whether the change involves $500 or $5,000,000, it requires 
systematic planning and execution. In some plants the layout of machinery and 
equipment is a matter that is taken for granted. To consider a rearrangement 
of floor layouts in such plants is almost tantamount to sheer demolition of exist¬ 
ing manufacturing facilities. Many manufacturing establishments are the out¬ 
growth of additions made to existing buildings in which the layout has remained 
fixed for generations. In such plants the notion prevails that the only time to 
consider a layout is while the plant is being constructed. In other plants the 
layout is in a continual state of flux because the planning is unsound. 

Initial Barometers of the Need for a Re-Layout 

Somewhere between these two extremes there exists a firm basis for detecting 
the need for a change in plant layout and for ascertaining its economic justifica¬ 
tion. The undertaking of a layout project may be compared to the setting up 
of a business venture. They are both measurable in terms of sales, cost, and 
gross profit, no matter how large or small the layout project or the business 



Description op Second Floor Laid Out on 
Plate XIX Below 

1 and 9. Bolting chests and reels. 

3 to 8. Shafts and wheels to turn the reels. 

13. Long shaft between uprights. 

14. Five garners to hold toll, etc. 

15. Door in upper side of millhouse. 

16. 21, and 33. Stepladders. 

17. The running burr millstone laid off to be 
dressed. 

18. Hatchway. 

19. Stairway. 

20. The running country stone turned up to be 
dressed. 

22. The places where the cranes stand. 

24 to 31. Shafts and wheels for rolling screen. 

32. The rolling screen. 

36. A small room for tailings of screen. 

37. A room for the fannmgs. 

38. A room for the screenings. 

39. A small room for the dust. 

40. A penstock of water. 

41. A room for the miller to keep his books in. 

42. A fireplace. 


Plate XIX. 




Ground floor Second floor 

Fig. 6. Plant layout in 1790. Thomas Ellicott^s “draughts” for building a gristmill, 32 X 55 ft, 
three stories high. From engraved copperplates drawn on scale of % in. = 1 ft. {Reproduced 
jrom Oliver Evans* The Young Mill-wright and Miller's Guide, Philadelphia, 1796,) 
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Plate XXI. 



Cross-sectional elevation 


PUte XVIII. 
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venture. The need for a layout project therefore stems from sales requirements 
and manufacturing costs. Overtaxed production capacities or high manufactur¬ 
ing costs are the usual initial barometers of the need to consider a rearrangement 
of the existing layout or the development of a new one. 


2. REVOLUTIONARY CHANGES IN PLANT LAYOUT DESIGN 
Advent of Industrial Engineering 

Plant layout engineering which, as indicated in Figure 6, had been in existence 
as far back as 1790, was already 120 years old in 1910, when scientific industrial 



Fig. 7. Industrial stages and milestones in plant development in the United States, 1607-1960, 
The year 1790, when the first cotton mill was established by Samuel Slater in Pawtucket, R. I., 
is generally recognized as marking the birth of the American factory system. Milestones in 
the development of manufacturing establishments, from 1607 to 1950, are arranged chrono¬ 
logically in the chart above. {Courtesy of Gaudreau, Rimbach & Associates, Pittsburgh.) 


Industrial Stages in the United States, 
1607-1950 

1. Handicraft industries—253 years old at 
close 

2. Factory system—110 years old in 1950 

3. Industrial management—40 years old in 
1950 

4. Atomic energy, dawn of new era—1950 
Plant layout, 1790-1950—160 years old in 

1950 


Bibliography on Historical Development 

J. L. Bishop, History of American Manufac¬ 
tures from 1608 to 1860, 3 vols., 1866. 

H. E. Faulkner, American Economic History, 
783 pages, third edition, Harper and Broth¬ 
ers, 1935. 

A. M. Saloski and M. L. Hoch, American Eco¬ 
nomic Development, 431 pages, Thomas 
Nelson and Sons, 1936. 


management made its first effective appearance. Although it had never been 
recognized as a separate engineering science, plant layout had remained as a dom¬ 
inant factor of production throughout the development of the factory system. 
Following the establishment of industrial engineering as a science in 1910, plant 
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layout engineering was engulfed as a branch of that new science along with such 
innovations as time and motion study, methods engineering, cost accounting, and 
production control. Milestones in plant development are shown in Figure 7. 

Plant Layout Espoused by Time Study 

With successive developments of time-study standards after 1910, manage¬ 
ments began to recognize that rearrangements in plant layout were necessary to 
permit a full realization of the benefits of time study. While attention was being 
focused on extracting the last ten-thousandth of an hour of labor content in a 
machine operation, material-handling limitations were encountered which voided 
such infinitesimal values in machine operations unless required changes were duly 
made in plant layout. 

Former Jungle of Line-Shaft Belts 

Before the advent of electricity as a prime hiovct in industry, machinery was 
belted to line shafts driven first by a water wheel and later by a steam engine. 
The most conspicuous characteristic of the machine shop of as late as 1915 was 
the jungle of belts that completely occupied the overhead space to the ceiling. 
Running off from the main shaft, which usually extended the full length of the 
plant, was a motley arrangement of countershafts, each with its complement of 
pulleys and belts linked to the machines, not to mention the array of belt-shifters 
dangling down from the ceiling. 

With the introduction of the electric motor, the belts remained in many plants 
and were simply linked to the motor after the pulley ratios were changed. This 
system was followed by the group drive, which succeeded in breaking the pro¬ 
verbial long main shaft into sections. It was not until the individual motor drive 
for each machine tool was introduced that the line shafts and belt jungle were 
eliminated. 

Inheritance of Line-Shaft Age in Existing Layouts 

Much of present-day thinking as related to plant layout goes back to the days 
of line shafting and group-driven machines, the days before conveyors, suspended 
cranes, tiering machines, portable bins, and other material-handling devices de¬ 
veloped only during the past 30 years. A striking example of this form of think¬ 
ing is evident in the present location of many factory aisles. Many a plant 
today is bisected by an aisle running directly through the middle of the building, 
as illustrated in Figure 8. This usually results in two long narrow work areas 
from which the material in process zigzags across the aisle in moving from opera¬ 
tion to operation. Such an aisle arrangement dates back to the days when line 
shafting necessitated locating the machine tools in two long parallel rows. 

Grouping the machines performing similar operations has in many cases given 
way to laying them out in the sequence of operations through which the product 
is processed. In this way, instead of transporting the product continually, from 
one group of machines to another, for miles of traveling and backtracking, the 
machine itself is moved to accommodate the flow of the product. 
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Layout Invades the Field of Architecture 

The influence of material handling in turning the attention of management to 
the neglected subject of the importance of plant layout design is significantly 
reflected in the evolution of plant architecture since World War I, when large- 
scale production as we know it today became established. It was not until then 
that serious consideration was given to the dominating factor of material han¬ 
dling in expediting production and lowering operating costs. 



A. Bisecting aisle. Manufacturing area bisected by an aisle, giving two “stringbean” work 
areas resulting in inefficient layout and handling. 



B. Side aisle. Same manufacturing area with aisle on one side. Full width of manufacturing 
area can be utilized without having material crisscross the aisle. 

Fig. 8. Location of factory aisles. 

The plant building, which heretofore had been considered only a shelter for 
housing manufacturing activities, suddenly developed into a series of plant types, 
such as the vertical-flow plant, the horizontal-flow plant, and the functional one- 
floor plant of today. Each successive plant type vied with the preceding one in 
facilitating material handling. With the advent of World War II the trend 
svmng to the integration of plant layout designs into a compound plan to operate 
the entire plant as one gigantic production machine, with management at the 
controls. The layout thus became the blueprint of the whole plant as a unit. 

3. PLANT LAYOUT AS A PRIME FACTOR OF PRODUCTION 
Appraisal of Underlying Facts 

The proper design of a plant layout, as previously indicated, is the joint prod¬ 
uct of the various divisions of management in an enterprise. It calls for a sci¬ 
entific appraisal of all relevant facts that influence the layout and that are re¬ 
ciprocally influenced by it. These facts stem from physical limitations, produc¬ 
tion activity, sales requirements, investment outlays, operating costs, resulting 
profit, and optional plans. 
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In the selection of a crane, for example, it is necessary to gather and weigh 
facts not evident at the drafting board. Some of these facts are: 

1. The maximum weight to be lilHied. 

2. The volume of work to be handled. 

3. The number of cranes required for this volume. 

4. The combined cost of the crane, craneways, and column supports. 

5. The operating cost of labor, power, repairs, and depreciation of the crane 
installation. 

6. The effect on the gross profit of the particular volume of production to 
be handled by the crane. 

7. The expected duration of the business requiring the use of the crane. 

8. Optional material-handling devices that could meet the handling require¬ 
ments as economically, or perhaps more so. 

These eight points have been listed in the order in which they can be developed 
logically. Only too frequently the decision is made on the basis of point 1, to 
the exclusion of the remaining seven considerations. Any one of these points 
may carry as much, if not more, weight in a proper appraisal of the project as 
does the more obvious first point. 

Hidden Losses in Poor Layouts 

Because of the far-reaching and hidden effects of plant layout, its real impor¬ 
tance is not obvious to the average foreman or manager. Many an executive 
would be surprised to learn the amount of saving that could be realized from 
an efficient layout. This saving often justifies the construction of an entirely 
new plant. Experience often shows that no factor of production causes greater 
waste of operating cost, a waste that remains hidden, than does the improper 
physical layout of a plant. Present methods of accounting do not show the 
money lost in unnecessary material handling, wasted motions, extra steps, etc., 
occasioned by poor layout. The manager, who is impressed only by the things he 
can see or feel, often overlooks improper layout and fails to recognize it as a 
major cause of high costs. 

The conversion of raw material into a finished product is done in three basic 
operations: (1) processing, (2) assembling, and (3) material handling. In the 
evolution of the factory system, attention has been focused upon the first two 
operations simply because they directly affect the product. The greater poten¬ 
tials in cost reduction hidden in material handling have remained largely un¬ 
tapped. Because of the search for continually lower costs and because of the 
recurrent need for expanding production facilities, plant layout has, during the 
past 30 years, become an increasingly important factor of plant operation. 

TJnsystematized Plant Expansion 

Recognition of the importance of plant layout is reflected in some industries 
in assigning competent engineers to layout problems. For it is through plant 
layout that a number of troubles may be avoided, such as idleness, bottlenecks, 
excessive maintenance, operation hazards, and a number of labor problems. 
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Where a plant is the outgrowth of unsystematized expansion, there is little logic 
in the arrangement of much of the machinery. What manager has not dreamed 
of the day when he could make a clean sweep of his plant and rearrange the 
machinery and equipment to suit present and contemplated production require¬ 
ments? 

More Material Handling than Processing 

The fundamental part occupied by material handling in the productive process, 
and the major portion of the labor cost incurred in material handling while the 
processing of the product is taking place, are both evidenced in the simple opera¬ 
tion of drilling holes. A recent survey made for the purpose of determining the 
efficiency and cost of drilling holes showed that only 20 percent of the actual 
time allowed an operator for drilling holes was spent in the actual removal of 
metal in the part being drilled. The other 80 percent of the time was spent in 
preparing the material under the drill before the actual drilling could start. 

Now assuming that, by using better steels, better drill design, and improved 
machine efficiency, the operation of drilling the hole could be improved 10 per¬ 
cent. This gain would amount to 10 percent of the time consumed in removing 
the metal, or an over-all gain of only 2 percent. Had the 10 percent improve¬ 
ment been made on the 80 percent of the time lost in handling the material before 
drilling it, the resulting over-all gain would have amounted to 8 percent, or 4 
times what was obtained from the process itself. 

Greater Saving from Layouts than from Machines 

Although these percentages vary with different operations, the greater portion 
of time taken up in most machine operations is in material handling. Yet in¬ 
dustry continues to spend thousands of dollars and thousands of man-hours in 
improving machines and tooling setups, and often overlooks the greatest source 
of loss of time and money in operating these machines, namely, the transporta¬ 
tion of material from machine to machine and the handling of the material at 
the machine itself. 

The principal reasons for this neglect are the fact that the true cost of material 
handling is not made known by accounting records, and the fact that the latent 
advantages of good plant layout remain hidden except to competent engineers 
familiar with the far-reaching effects of plant layout. A machine can be seen, 
heard, and felt, but plant layout is an elusive something which has to be visual¬ 
ized mentally, studied carefully, and designed from specialized experience. 

4. THE ADVANTAGES OF A GOOD PLANT LAYOUT 

The objectives and ideals of plant layout are perhaps best described in the 
advantages derived from a good layout. No attempt is made at this point to 
evaluate the advantages individually. Depending upon the size of a plant, its 
existing layout and equipment, its age and physical condition, its type of manu¬ 
facturing, the nature of its product, etc., the relative value of a particular ad- 
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vantage of good plant layout will necessarily vary from plant to plant, for no 
two plants are likely to have an identical set of circumstances. 

Layout Advantages Not Restricted to Plant Size 

Whether a plant employs 50 workers or 50,000 makes no difference in so far 
as the applicability of plant layout advantages is concerned. A large plant, 
after all, is but a series of small plants under a common roof, or such it should 
be to achieve the best results. The present movement to decentralize large plants 
into smaller operating units located in separate localities is a recognition of the 
extra advantages possessed by the small plant over the mammoth enterprise. 

Fundamental Concepts of Plant Layout 

In appraising the advantages of good layout in the light of conditions prevail¬ 
ing in a particular plant, it is well to boar in mind the following fundamental 
concepts of plant layout: 

1. The major part of production work is not processing, as is usually sup¬ 
posed, but material handling. 

2. The speed of production in a plant is determined primarily by the ade¬ 
quacy of its material-handling facilities. 

3. A good plant layout is designed to provide the proper facilities for mate¬ 
rial handling as well as processing. 

4. The factory building is altered or constructed around the prescribed plant 
layout design. 

5. The production efficiency of a plant is determined by the limitations of 
its layout. 

The factory building itself is still only a housing for machines, material, and 
workers. In this respect, the modern plant differs from that constructed before 
World War I in that the new plant houses a scientifically planned layout, 
whereas the old-fashioned plant provided but an architectural shelter inclosing 
a chance collection of machinery and equipment. The progress made in recent 
years in designing industrial buildings is illustrated in Figures 9 and 10. 

Manufacturing Activities Affected by Plant Layout 

In a modern plant, the manufacturing activities and end results that are af¬ 
fected directly by plant layout may be summarized as follows: 

1. The distance traveled by the parts or worked material in the course of 
their manufacture. 

2. The time consumed in this travel. 

3. The number of processing operations and their related sequence. 

4. The manufacturing cycle for the product. 

5. The cost of receiving and storing the materials. 

6. The cost of transporting the materials, work in process, and finished 
products through the plant. 
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Fig. 9. Antiquated plant designs. Industrial architecture before World War I. 
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Fig. 10. Modern plant designs. Although much progress has been made in plant design, 
even today buildings are planned with 1900-model layouts. Consequently, some of these 


modern exteriors pictured above may house inefficient layouts. 
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7. The cost of time lost by the process worker in preparing, handling, and 
removing the material at the machine. 

8. The selection of manufacturing methods, machinery, manufacturing 
equipment, and material-handling'equipment to permit the worker to 
become a producer instead of a material handler. 

9. The installation of safety measures to guard against industrial hazards. 

10. The flexibility of plant capacity to meet changing needs and future ex¬ 
pansion. 

Increasing Productivity through Better Layouts 

The increased productivity per man-hour is what has permitted higher wages 
and lower prices in the industrial development of this country. However, more 
production does not necessarily connote harder work. To the contrary, greater 
production may be attained, not only without harder work but usually with less 
effort, simply by a better application of plant layout engineering principles. As 
already indicated in preceding pages, the only real ceiling on wage rates is the 
worker’s ability to earn, but the plant must be laid out and organized so as to 
permit the wages to be earned, and without greater effort. How a revised layout 
of an assembly line for a gear-motor unit increased the output by 47 percent is 
illustrated in Figure 11. 

Advantages Derived from Efficient Plant Layouts 

The advantages derived from a plant layout which has been properly designed, 
and the improvements generally evident in such a plant, are briefly described 
below from the standpoint of the worker, the labor cost, other manufacturing 
costs, the manufacturing cycle, production control, supervision, and capital in¬ 
vestment. 


THE ADVANTAGES OF A GOOD PLANT LAYOUT 

A. To THE Worker 

1. Reduces the effort of the worker. 

2. Reduces the number of handlings. 

3. Extends the process of specialization. 

4. Permits working at maximum efficiency. 

5. Better working conditions by eliminating congestion. 

6. Reduces the number of accidents. 

7. Provides better employee service facilities. 

8. Provides basis for higher earnings. 

B. In Labor Cost 

1. Increases the output per man-hour. 

2. Less setup time involved. 

3. Reduces the number of operators. 

4. Reduces the number of handlers. 

5. Reduces the length of hauls. 

6. Minimum lost motions between operations. 
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REVISED LAYOUT 


ADVANTAGES OF A GOOD PLANT LAYOUT 



I. 11. Output increased 47 percent by revised layout of an assembly line for a gear-motor unit. {Courtesy of Gaudreau, Rimhack d 

Associates, Pittsburgh.) 
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7. Converts the operator into a producer, instead of a handler, by eliminating the 
following motions at the machine: 

а. Walking time to procure the work. 

б. Taking the work to the machine. 

c. Turning around for the work. 

d. Returning the work when the operation is completed. 

C. In Other Manufacturing Costs 

1. Reduces the cost of expense supplies. 

2. Decreases maintenance costs. 

3. Decreases tool replacement costs. 

4. Effects a saving in power loads. 

5. Decreases spoilage and scrap. 

6. Eliminates some of the waste in raw material consumption. 

7. Improves the quality of the product by decreasing handling. 

8. Provides better cost control. 

D. In the Manufacturing Cycle 

1. Shortens the moves between work centers. 

2. Reduces the manufacturing cycle in each department 

3. Reduces the length of travel by the product. 

4. Reduces the over-all time of manufacturing the product. 

E, In Production Control 

1. Facilitates receipts, shipments, and delivery. 

2. Provides adequate and convenient storage facilities. 

3. Permits the maximum possible output. 

4. Paces production. 

5. Determines production flows. 

6. Makes production time predictable. 

7. Makes scheduling and dispatching automatic. 

8. Sets up production centers. 

9. Permits straight-line layout by products for mass production. 

10. Permits layout by process for job-lot manufacturing. 

11. Moves work in process by most direct lines. 

12. Reduces the number of lost or mismatched parts. 

13. Reduces the paper work for production control. 

14. Reduces the number of stock chasers. 

15. Reduces production control expense. 

F. In Supervision 

1. Tends to ease the burden of supervision. 

2. Determines the supervisory control. 

3. Reduces the cost of supervision. 

4. Reduces the cost of piece counts. 

5. Decreases the amount of inspection. 

G. In Capital Investment 

1. Holds permanent investment at a minimum. 

2. Adapts plant to present manufacturing methods. 
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3. Provides for changed methods and future expansion. 

4. Keeps plant from becoming obsolete before it is worn out. 

6. Reduces investment in machinery and equipment by; 

a. Increasing the production per machine. 

b. Utilizing idle machine time. 

c. Reducing the number of operations per machine. 

6. Maintains a proper balance of departments. 

7. Eliminates wasted aisle space. 

8. Reduces the floor space and shop areas required for manufacturing. 

9. Reduces the amount of material-handling equipment required. 

10. Reduces or eliminates elevator service. 

11. Reduces the inventory of work in process and of finished products. 

At this point, space does not permit going into detailed descriptions or illus¬ 
trations of these 58 plant layout advantages commonly encountered, in part at 
least, in plants where the layout has been properly planned and installed. Ap¬ 
plications of these points form the subject matter of Parts 2, 3, and 4 of this 
book. A specimen illustration of what a plant modernization program has done 
for a ceramics plant is given in passing, however, in Figure 12. 

5. CONDITIONS SIGNIFYING AN IMPROPER PLANT LAYOUT 
Inefficient Operating Conditions 

Aside from the economic needs indicating that a change in plant layout should 
be considered, a number of inefficient operating conditions, not usually reflected 
in accounting figures, provide unmistakable evidence of a deficient layout. Most 
of these unrecorded deficiencies are readily recognizable to the trained observer, 
and the existence of any or several of them quickly points to the need for at least 
a restudy of plant layout, if not for an immediate new layout design. The more 
common of these indications may be grouped under the following six headings: 

1. Receiving department. 

а. Congestion of materials. 

б. Complaints of delays at trucking lines. 

c. Recurrent demurrage. 

d. Damage to materials by exposure to the elements. 

c. Necessity for material handlers to work outside in inclement weather. 

/. Difficult manual handling and rehandling operations. 

2. Storerooms. 

a. Congestion of stock storage. 

b. Damage to materials in storage. 

c. Frequent loss of material. 

d. Poor control of inventories. 

6. High ratios of storeroom clerks and material handlers to productive 
operators. 

/. Frequent rehandling and restorage of materials before processing. 
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3. Process departments. 

a. Necessity for skilled operators to handle materials. 

b. Presence of large quantities of materials on the floor, not under pro¬ 
duction control. 



A. Before modernization. A ceramics plant with old-stylc kilns that reipiired hand loading 

and a slow-firing cycle. 



B. After modernization. The same plant after the old-style kilns have practically all been 
removed and replaced by car-type, gas-fired, and oil-fired, continuous kilns. Modern methods, 
equipment, and the *'new look” have already invaded this age-old industry. 

Fig. 12. Modernization of a ceramics plant. Replacement of old-style kilns by mechanized 
continuous units transforms an old ceramics plant into a modern establishment. 

c. Poor quality of work in process. 

d. Complaints from foremen and production supervisors regarding the 
lack of floor space while overhead space remains unused. 

e. Excess length of the manufacturing cycle over actual processing time. 
/. Presence of congestion and hazards in narrow or crooked traffic aisles. 













OBJECTIVES IN CONTEMPLATING A RE-LAYOUT 


37 


gf. Over 15 percent of the total floor space in the plant taken up by 
traffic aisles. 

h. Difficulty in the material-handling service to the productive equip¬ 
ment. 

i. Excessive maintenance costs. 

;. Necessity for frequent rearrangements of equipment. 

fc. Periodic requests for additions to equipment or to the working area. 


4. Productive operators. 

The existence of any of the following excesses in material-handling work 
performed by productive operators: 

Male Female 

a, 

h, 

c. 

d. 

e. 

/. 

5. Employee morale. 

a. Complaints from operators regarding: 


MateriaLHandling Condition Operator Operator 

Lifting material frequently from floor level to A point overhead Chest height 

Lifting material above knee level when weight exceeds 75 lb. 35 lb. 

Lifting or moving material with the assistance of 1 helper 1 helper 

Handling materials constantly for periods longer than 30 min. 30 min. 

Handling similar materials daily for Several weeks Several weeks 

Moving large quantities or total weight over greater 

distance than 50 ft. 50 ft. 


(1) Heating 

(2) Lighting 

(3) Ventilation 


(4) Rest rooms 

(5) Congestion 

(6) Hazards 


6. High accident rate, 
c. High labor turnover. 


6. Shipping department. 

а. Delays in shipping even though materials are ready for shipment. 

б. Unsightliness of plant yards. 


Other common indications, such as disorganized production schedules, exces¬ 
sive payrolls, and low worker interest in operations, are traceable directly to an 
improper plant layout. Experience has demonstrated time and again that no 
factor in manufacturing activities causes greater losses in operating efficiency, 
without being readily detected, than does a poor physical layout. Yet it is one 
factor that frequently receives only scant attention largely because of the lack 
of a proper evaluation of plant layout effectiveness. 


6. PRIME OBJECTIVES IN CONTEMPLATING A RE-LAYOUT 

Elimination vs. Simplification of Operations 

The engineering approach to a problem is through the analysis of existing 
methods and practices for possibilities of making improvements. Simplifying 
an operation, however, does not justify its retention. The possibility of elimi- 
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nating the operation entirely is often overlooked because its very existence is 
taken for granted, especially by employees who have been in contact with it over 
a number of years. Much of the layout work done today is based on simplifica¬ 
tion rather than on elimination where possible. 

The tendency to question the very existence of a method or operation is more 
natural to an outside engineer than to one in the company's employ. This 
largely accounts for the feeling in many quarters that the only engineer who can 
do a plant layout job correctly is the professional consultant from outside the 
company. Coming into the plant for the first time, the consultant naturally 
questions the reason why an operation is performed in the first place, and leaves 
the possibility of simplifying this operation for later consideration after he is 
convinced the operation cannot be eliminated entirely. 

Plant layout work that is confined to the simplification of operations, often on 
a single machine or a limited part of a process at a time, generally secures only 
a small portion of the potential improvement or savings because it does not con¬ 
sider the problem to the extent of totally eliminating the operation. This type 
of layout work is the most common and is concerned mostly with cost reduction, 
which is but one of the purposes of a plant layout. 

The prime objectives that give rise to the necessity for a layout are enu¬ 
merated in the following summary. 

PRIME OBJECTIVES OF A NEW LAYOUT 

1. Increased capacity. To expand the output of existing i)rodu(;ts or to provide for 
the addition of new products. 

2. Consolidated activity. To group together the manufacturing of like products, the 
demand for which has increased in some and decreased in others, so as to balance the 
machine capacity available. 

3. Shrinkage in output. To reduce the floor space occupied by products of older design, 
the demand for which has been shifted to new designs but which must be kept in 
production on a limited basis. 

4. Change in location. To transfer the production of certain products to other depart¬ 
ments or plants to secure some, if not most, of the advantages of good layout. 

5. Cost reduction. To make it possible to realize some of the potential savings accruing 
from improved machinery, mechanized material handling, and other operation facili¬ 
ties, all within a given layout area. 

In short, the over-all governing objective of a new layout is an attempt to fit 
the building to the process by rearranging the equipment and making alterations 
to the building itself whenever justified, to expedite the flow of work at minimum 
cost. Although many of the older plants have been constructed without a pre¬ 
planned layout, a scientific rearrangement of existing facilities usually results 
in achieving the greater portion of the advantages of a good layout, but the 
arrangement is not so effective as when planned before the building is erected. 



CHAPTER III 


Range of New Layout 
and Re-Layout Projects 

1. LAYOUT STAGES FROM JOB LOTS TO MASS PRODUCTION 

Continuous Changes Being Made in Plant Layouts 

Changes in layout range all the way from moving a workbench a few feet at 
a work station to the rearrangement of an entire building or series of buildings 
on the same premises. As many as 75 layout changes are made each week in 
some large plants, and these changes must usually be made without interrupting 
operations. Often the existing buildings are found inadequate, and the cost of 
building new plants becomes more economical than that of modernizing old 
plants. 

Three Stages of Growth in Manufacturing 
Whether the layout change is confined to slight revisions of arrangement or 
involves a complete remodeling of existing facilities, it is necessary to determine 
at the outset the particular position which the manufacturing activities involved 
occupy in the over-all cycle of manufacturing development. As the market de¬ 
mand grows for given products, their production tends to go through three suc¬ 
cessive stages of manufacturing development. Very few ever reach the third 
stage, and still less ever begin at the third stage. These three stages range from 
small-quantity job lots to mass production in the following order, in an assembly 
industry: 

1. Small job lots with little or no assembly. Small quantities within a short 
manufacturing period, on a job-lot basis, produced by tooling up to use 
existing machinery and plant facilities. This stage requires either no 
change in layout or only minor changes for added facilities within the 
general machinery department, to accommodate certain operations. 

2. Job lots assembled outside the machining department. Job-lot machin¬ 
ing justifying special assembly outside the general machining department 
proper, marks the starting point in advanced plant layout design as man¬ 
ufacturing operations on some products begin to expand. The problems 
of economical material handling between departments and of proper bal¬ 
ancing of machines and operations begin to emerge at this point. Along 
with the advent of these problems arises the need of proper plant layout 
design. 
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On a Mechanized Baking Trip with the humble i^ughn 
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3. Mass production of standardized products. Repetitive operations on 
large quantities of a limited variety of standardized products justifying 
a complete and thoroughly engineered plant layout to take advantage of 
the economies inherent in mass production. Large-volume manufacturing 



Fia. 4. Types of plant layouts. Owing to plant site, time of construction, caliber of manage¬ 
ment, nature of process, and many other factors, no two plants have identical layouts, even 
though their operations may be the same. 

of this type may be laid out on one of two bases, or on a combination 
of both: 

a. Straight-line, or product, basis, wherein the machinery is laid out, ma¬ 
chine after machine, regardless of machine type, with all operations 
in their proper sequence, to follow the flow of the product in its prog¬ 
ress through the variety of machining, processing, and assembling 
operations required. (See illustration of mass production on straight- 
line basis in Figure 13.) This is the most popular type of layout for 
certain parts of mass-production manufacturing. 
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b. Functional, or process, basis, wherein similar machine tools, such as 
punch presses, are grouped together in one location, such as a section, 
a department, or a building. This sets up the “punch shop,” “screw- 
machine department,” “drill-press group,” etc., in separate locations. 
Although used in mass production, particularly in “feeder” divisions, 
this type of layout is generally better adapted for job-lot manufac¬ 
turing or the large-quantity production of non-standardized products. 

Much of the plant layout work done even today starts with an attempt to 
simplify operations, and is confined to the replacing of a few key operations 
with operations performed on more modern machinery. Then, by a minor re¬ 
arrangement of existing equipment to make room for the new machinery or 
equipment, the resulting arrangement is presumed to be a new layout. In reality, 
this may be nothing more than a reshuffling of existing bad methods without 
eliminating or improving them and without making possible the attainment of 
more than a fraction of the returns on the investment for the new machinery 
and equipment. 

No Two Plant Layouts Are Alike 

Before any change is made in layout, it is necessary to analyze and synchro¬ 
nize the basic factors described in Chapter IV in order to secure the advantages 
of good layout outlined in Chapter II. These basic factors must be considered 
for the plant as a whole while at the same time being applied to a particular 
subdivision of the plant. 

The range and relative size of plant layout projects that exist within a plant, 
or group of plants, are described in the remainder of this chapter. No two 
plants have identical layouts, even though their operations may be the same. 
(For a classification of types of plant layouts, see Figure 14.) This is due to 
many factors which vary from one plant site to another; to the conditions pre¬ 
vailing at the time the plant was originally constructed; and to the varying cal¬ 
iber of management in charge at different times in different plants. 

2. THE WORK STATION AS THE BASIC SPACE UNIT 
Smallest Indivisible Space Unit 

The floor area occupied by the worker and the machine or group of machines 
which he operates is designated as the work place, or work station. It consti¬ 
tutes the smallest indivisible space unit on a layout and includes the following 
amount of floor space: 

1. The rectangular space occupied by the length and width of the machine 
or group of machines operated by one worker, or a group of operators 
working as one unit, in a given area. This space is expanded to allow 
for travel of moving parts and for projecting machine parts, such as 
shafts, levers, pulleys, and doors. 

2. Floor space for the machine's own motor or power source when placed 
on the floor or within the working area. 
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3. Working space for the operator. 

4. Clearance for feeding the work on and off the machine. 

5. Space for the skids, tote pans, racks, conveyor stations, etc., which either 
contain the work to be processed or receive the work after it has been proc¬ 
essed on the machine. 

6. Space for whatever tool racks, workbenches, and auxiliary equipment 
each particular machine may need for its operation. 

7. Portion of the aisle space or conveyor space immediately adjacent to the 
operator, the machine, or the group of machines he operates. 



Fig. 15. Workstation layout for a No. 3 milling machine. Note that the complete work 
station requires much more space and more equipment than the machine itself would indi¬ 
cate. With the use of accurately designed two-dimensional templates the clearance area can 
be utilized for effective layout. The space in which the operator is standing also serves as 
clearance for the bench drawer. The tool locker is located adjacent to the machine in a space 
often overlooked when working with block templates. {Courtesy of Gaudreau, Rimbach A 

Associates, Pittsburgh.) 


Work Station for a Milling Machine 

The floor area required for a work station for a milling machine is laid out in 
Figure 15. The relationship and positioning of each constituent part of the work 
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station must be studied from a thorough motion analysis of the manufacturing 
methods used and of the handling of materials while being received, processed, 
and then removed after completing the machine operation or operations. The 
correlation of individual work stations sets up the network of production units 
which are ultimately integrated to form the plant layout design. The area and 
internal arrangement of the individual work station may vary with each instal¬ 
lation, depending upon its relative position to adjacent stations and to the 
amount of floor space available for the entire project, of which the work station 
is but one unit. 

The Range of Greatest Motion Economy 

For a given machine operation or assembly performance, the plant layout 
engineer must always bear in mind that the range of greatest economy lies 
within the area covered by the normal sweep of the worker^s hands. Other 
things being equal, the worker in a fixed position performs his work in the most 
effective manner when the work is within the confines of this area. The instant 
the worker finds it necessary to reach outside the normal work area described 
by the sweep of his hands, his efficiency begins to suffer. If materials are 
brought to a worker at an uninterrupted rate, to a fixed position, and are re¬ 
moved from him at the same rate, the worker^s effort is confined to productive 
purposes rather than being taken up by material handling. (See Figure 81.) 

3. THE WORK CENTER INCLOSING AN OPERATING GROUP 
The Machine Crew 

As previously indicated, the work station is the floor area occupied by the 
worker and his machine or group of machines, plus the auxiliary equipment for 
the worker. This ensemble comprises an individual unit of production, or “work 
center.Sometimes the machine itself, instead of the worker, becomes the focal 
point of the production unit, or work center. In this case, the machine requires 
a crew of several operators in the category of loaders, actual operators, and un¬ 
loaders. Such a machine crew is illustrated in Figure 16 for the operation of a 
flatwork ironer in a commercial laundry. 

Machine crews as integral work centers exist in several industries. Examples 
are found in the operation of Foudrinier machines in the paper industry, pre¬ 
pared-roofing machines, continuous-strip mills in the steel industry, can-filling 
machines in the food, oil, and other packaging industries, incandescent-lamp 
making, electric-motor assembly, etc. In shipbuilding the only product is the 
entire ship itself, and each subdivision of the labor force becomes a production 
or work center for a section of the one finished product, namely, the ship. 

Continuous-Process Industries 

In a continuous-process industry, such as paint, chemicals, fertilizer, clay, 
paper, sugar, pottery, cornstarch, textiles, etc., the work center assumes a variety 
of types of internal composition, as may be gleaned from Figure 14. In such 
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industries, the work center ranges from a '‘tank farm” or a network of pipe¬ 
lines or a series of gravity flows to a bank of carding or weaving machines in the 
textile industry. The particular type of work station most suitable to an in¬ 
dustry depends upon the terminus of the process or of the operation. The work 
station may consist of a single operator on one or several machines, or of a ma¬ 
chine operated by one or several workers. 



Fig. 16. Machine crew in a commercial laundry. Four workers operate a flatwork ironer 
equipped with an automatic spreader (on feed end in background) and with an automatic 
folder (on delivery end in foreground). {Courtesy oj The American Laundry Machinery 

Company, Cincinnati.) 


The Assembly Station 

In assembly work, as differentiated from machining or fabricating work, the 
same distinction holds for a work center, namely, that either the worker or the 
integrated group of assembly workers forms the indivisible space unit for the 
plant layout. Such a group, consisting of nine work stations arranged radially 
on an assembly floor, all served by a single full-swiveling jib crane, is shown in 
Figure 17. The assembly line is arranged around a circle to enable the nine 
operators to make common use of a single crane. The units are assembled on 
skids so that the heavy bases, as well as the finished assembly, can be moved to 
and from the assembly stations by means of power lift trucks. 

Combination of Processing and Assembly 

A combination group which performs both processing and assembly work is 
shown in Figure 18. In this layout the three operators at the left use individual 










WORK CENTER 


47 


a 

1 

M P 


1 

lii 






i 

i " 


* ' 

*' ' 

Si 

' 'W' 




9 '■nr— 

: 

■ ■ M 

• 



Fi«. 17. Nhic work stations seri'cd by a rotating crane. These stations are arranged radially 
us a production nnit to make common use of a full-swiveling jib crane. Each of the operators 
can use the crane without interference. The arrangement saves floor space and uses minimum 
equij)ment. The heavy assi’inbly is mounted on truck skids so that it can be moved to the 
next operation without extra handling. (Courtesy of Westinghouse Electric Corporation, 

Pittsburgh.) 



Fia. 18. Combination processing and assembly work station in an assembly line powered by 
suspended nut-drivers and serviced by gravity roller conveyors. 
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power nut-drivers suspended from a common framework, and they dispatch 
their assembled units on a common roller conveyor to a fourth operator in the 
center of the layout for further processing. The work then advances to the fifth 
and sixth operators on the right for completion. In this case, the uninterrupted 
cycle of operations comprises the entire group of six operators. The entire group, 
in turn, constitutes an individual production unit, or work center. 

4. THE SIZE AND LOCATION OF PLANT DEPARTMENTS 
Two Types of Work Centers 

The work center, as already indicated, is the smallest indivisible unit of pro¬ 
duction, and consists of two basic types, namely: 

1. The work station, being the floor area occupied by a single worker operat¬ 
ing one or more machines. This area includes floor space for the work 
bench, racks, conveyors, skids, tote pans, and a portion of the side aisle 
on which the work station borders. 

2. The machine crew, being the floor area occupied by the entire crew of 
machine loaders, machine operators, and machine unloaders required as a 
team of attendants to operate a single machine in certain processes. This 
area of course includes the floor space occupied by all the auxiliary equip¬ 
ment, such as work benches, racks, trucks, conveyors, and aisle space, 
needed next to the machine. 

The Plant Department 

In locating these production centers, the layout is planned to provide the 
shortest distances and least handling in moving the materials from one produc¬ 
tion center to the other, at the same time permitting continuous processing be¬ 
tween the centers. A succession or group of production centers form the basis 
for a i)lant deimrtment. The idea behind the establishment of a department is 
to place a practical number of production centers under the jurisdiction of a 
foreman. 

In some plants where the department is kept small, thus requiring fewer de¬ 
partmental supervisors, it is not unusual to find a number of departments per¬ 
forming the same tyi^e of work, all more or less on a competitive basis from the 
standpoint of comparable costs and efficiencies. The policy in other plants is to 
favor large departments with considerably more supervision than is required 
in small departments. 

Regardless of the size of the department, the output capacity in the different 
departments has to be kept equalized to avoid bottlenecks in production. Thus, 
if the winding department in a motor factory cannot keep up with the flow of 
rotors from another department, the winding department becomes the depart¬ 
ment that slows down the output of perhaps the entire production line. It is a 
function of plant layout to balance the capacities of the productive departments 
within a plant. 
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Departmental boundaries are seldom considered fixed like the walls on a fac¬ 
tory floor. The addition of new machines in a department increases the amount 
of floor area required. Or a department may become permanently idle. In an 
existing building, the departmental boundaries are shifted by expanding or con¬ 
tracting adjacent departments. Operations are sometimes transferred from one 
department to another to help balance the departments, improve quality control, 
reduce material handling, simplify supervision, eliminate idle capacity, make 
room for new operations, etc. 

Three Types of Plant Departments 

The various departments in a plant fall into three general classifications: 

1. Processing departments. These are the subdivisions of the ^^shop’^ proper, 
wherein all machining, processing, assembly, and packaging work is per¬ 
formed. 

2. Service departments. These constitute the facilities provided to keep the 
processing departments in operation without interruption. Such facilities 
consist of receiving and shipping areas, stockrooms, toolrooms, repair 
shops, testing areas, plant utilities, employee rest rooms, cafeterias, first- 
aid rooms, etc, 

3. Office departments. These offices may include administrative, sales, engi¬ 
neering, accounting, production control, personnel relations, training de¬ 
partments, and such areas as lecture rooms, display rooms, reception 
rooms, etc. 

The technique for laying out the processing departments forms the subject 
matter of Part 2, whereas the service departments and office departments are 
covered in detail in Part 3. 

5. STRAIGHT-LINE FLOW IN MASS PRODUCTION 
Advent of Production Lines 

The advantages of large-scale production, which were first revealed in World 
War I, have since led to a marked increase in the capacity of plants per square 
foot of floor space. It has also encouraged the consolidation of several plants 
under one roof, as illustrated in Figure 19, showing a double-deck assembly sys¬ 
tem at the Chevrolet plant of the General Motors Corporation. In many plants 
this expansion in size has tended to lengthen the flow of materials within the 
plant. 

In an effort to avoid the additional cost of transporting materials over longer 
routes of travel during processing, production ^^lines^^ are often set up, when 
economically justified, to bring together in one department all the various units 
of machinery and equipment needed to perform all the work on one kind of unit, 
such as a motor shaft, a gear, etc. In a ^‘line^’ production layout, the necessary 
machines of different kinds, such as punch presses, turret lathes, drill presses, 
etc., are placed along the path of travel followed by the flow of the piece part, 
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thus permitting each machine operation to be performed in proper sequence a| 
the product progresses down the “line.” 

The arrangement of work stations in the proper sequence of operations elimi¬ 
nates much of the material handling from one work station to the other and 
often permits the installation of chutes, conveyors, cranes, or other devices to 
mechanically transport the work from one operator to the next (see Figure 20). 



Fig. 19. Double-deck assembly system at the Chevrolet plant of the General Motors Cor¬ 
poration, Flint, Mich. On the lower level, chassis are proceeding toward the body-drop, while 
on the upper level a simultaneous flow of bodies progresses toward the same spot. In this 
way the two side bays function as feeders to the operations in the main bay. {Courtesy of 
Albert Kahn Associated Architects and Engineers, Detroit.) 

In order to avoid bottlenecks along this flow of production, the output capacities 
of the successive machines along the production line must be kept in proper 
balance. 

An Actual Straight-Line Layout 

The layout of a complete production line (on a straight-line basis) for the 
manufacture of fractional-horsepower electric motors is shown in Figure 21. The 
line is bisected by an aisle, with operations carried on simultaneously on both 
sides of the aisle. The production line in the first strip continues through the 
second strip and ends in the third strip, with both sides of the aisle shown in 
each strip. The flow of production through the line is sectionalized into succes- ^ 
sive operating groups in the following order: i 
















SIZE PATTERN OF MANUFACTURING PLANTS 


56 


groups the equipment on a functional basis. Thus, all machines of one type, 
such as screw machines (see Figure 22) are grouped together in one department, 
all punch presses in another department, etc. Although these machine depart¬ 
ments may be set up advantageously as “feeders” to assembly lines in mass- 
production work, they are usually more suitable for small job-lot production in¬ 
volving a different set or sequence of operations with each succeeding lot. 



Fig. 22. Functional type of production. Department of hand screw-machines for processing 
small turned parts. Functional processing disregards the product flow and groups all machines 
of one type, as shown here, in one department. 

Often a combination of the two main types of production layouts, straight-line 
and functional, exists in the same plant to secure the advantages of each type 
and provide greater flexibility in the production of diversified lines of units. 

6. THE SIZE PATTERN OF MANUFACTURING PLANTS 

Two Extreme Conditions in the Size Pattern 

The present trend towards decentralization of large plants into small plants 
brings up the question of the relative sizes of plants in the various manufactur¬ 
ing industries in this country. In 1939, the last year that was free of a major 
influence from the demands of World War II, there were 184,230 manufacturing 
establishments in this country (see upper section of Figure 23). Of these estab¬ 
lishments, 92 percent employed 100 or less wage earners each, and these small 
plants employed only 30 percent of all the wage earners. 

Two extreme conditions prevail in the size pattern of manufacturing plants 
in this country, as illustrated in Figure 23: 

1. A large number of small plants employ 30 percent of all the wage earners. 

2. An infinitesimally small number of large plants employ 22 percent of 
all the wage earners. 
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AVERAGE NUMBER OF WAGE EARNERS PER PLANT 



AVERAGE SELLING VALUE OF PRODUCTS PER PLANT 


Fig. 23. Size of manufacturing establishments. Total plants in the United States, 1939, classi- 
Eed according to plant force and plant output. Note the similarity of the size pattern in the 

two classifications. 
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These two groups combined account for 52 percent of the total working force 
in manufacturing industries. The remaining 48 percent of the force work in 
plants ranging in size from 101 to 1,000 wage earners. 

Plant Layout in Small Plants 

Plant layout problems in plants employing 100 or less wage earners and rep¬ 
resenting 92 percent of all plants occur as frequently as they do in larger plants. 
The efficiency of production technique is an ever-present problem in small plants 
as in large plants, but it does not involve the interrelationship of several co-ordi¬ 
nated departments existing in the larger establishments. In analyzing depart¬ 
mental problems in the plants employing over 100 wage earners, the problems 
of the 168,814 smaller plants are incidentally included. Likewise, in analyzing 
plant layout in terms of plant departments, the 810 plants employing over 1,000 
wage earners each meet on common ground in this book with the 14,606 medium- 
size plants employing between 100 and 1,000 workers. 

Annual Volume of Business 

In classifying the plants in this country according to the volume of business 
done in a year, as shown in the lower section of Figure 23, we find virtually the 
same size pattern as we did in terms of the number of wage earners: 

1. A large number of small plants do 32 percent of all the manufacturing 
business. 

2. A minute number of large plants account for 25 percent of the total 
business. 

Between these two extremes is the group of 16,807 medium-sized plants, each 
with a selling value of annual output ranging from $500,000 to $5,000,000, sup¬ 
plying 43 percent of the national output. In round figures, then, almost one- 
half the manufacturing activity in this country is carried on in some 15,000 
medium-sized plants averaging 250 wage earners each, and with a sales volume 
of slightly more than $100,000 a month. 

7. THE SCOPE OF A PLANT LAYOUT PROJECT 
Where the Project Begins and Ends 

The question is often asked, “Where does a plant layout project begin, and 
where does it end?” To attempt to give a definite answer to this question would 
be as asinine as to venture an outright reply to the equally perplexing query, 
“How high is up?” For who knows where “high” begins and ends, assuming it 
does either or both? 

In more specific terms, a plant layout idea can begin as a dream in the mind 
of an executive who visualizes the advantages of a new plant or of a new ar¬ 
rangement in an existing plant. A plant layout problem may be thrust upon a 
plant layout engineer, or he may explore current manufacturing activity in the 



58 NEW LAYOUT AND RELAYOUT PROJECTS 

quest of an improvement. In either situation, the approach to the problem fol¬ 
lows along parallel lines. 



Fig. 24. Pilot plant jor deaigmng refineries. Solexol Process pilot plant of the M. W. Kellogg 
Company, Jersey City, N. J. This is the plant on which tests are made to provide data for 
the design of commercial plants for the refining of marine, vi'getable, and animal oils. A 
selective extraction of as much material as desired can be achieved merely by raising the 
temperature and bringing the oil-propane mixture into equilibrium. 

A Recurrent Problem 

Where those lines end, that is, where a layout project is considered completed, 
is as undefinable as the starting point of the project. Plant layout is a recurrent 
problem. Plant layout designs in progressive enterprises, as already pointed out, 
seldom remain fixed, and are normally considered in a continual state of flux. 
The existence of the need of plant layout revisions may therefore be said to 
terminate when a shop becomes inactive. The development of a given project 
may also be considered as having reached completion, not after the project has 
been completely installed, but when the installation is dismantled and retired. 
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The point of immediate concern here is the tangible starting point, or realistic 
beginning, of a plant layout undertaking, after the preliminary embryonic idea 
has been conceived. Once the plant layout engineer has been assigned to under¬ 
take a specific plant layout study, he begins by mapping out his plan of attack. 
He outlines the steps he will take in surveying the physical circumstances sur¬ 
rounding the project and in checking the information concerning the existing 
layout. 



CHAPTER IV 


Basis for Designing 
a Plant Layout 

*^Our knowledge is the amassed thought and experience of innu¬ 
merable minds.” Ralph Waldo Emerson. 

1. GROUNDWORK PRECEDING THE LAYOUT DEVELOPMENT 

Purpose of the Layout 

A plant layout project may range from the rearrangement of a single work 
station to the development of a network of feeder plants located in different 
states. Before a plant layout is undertaken it is first necessary to justify the 
need for one, and this can best be done through the medium of a preliminary 
statistical analysis. Several alternatives present themselves before a new layout 
can be seriously considered. 

If the purpose of the layout is to reduce material-handling costs or to expedite 
the flow of work in process, the cost of changing the layout and of installing 
new equipment must be compared with the end results before much effort is spent 
in actually developing a new layout. If the layout is intended to provide new 
or additional productive capacity, the several means of obtaining this added 
capacity without altering the present structure or perhaps erecting a new one 
must be thoroughly explored before deciding on a new layout. For example, it 
may be more economical or expedient to increase the number of shifts in the 
existing plant or to subcontract the work to another plant. 

Preliminary Estimates of Returns on Investment 

In order to weigh these alternatives intelligently and factually, an analysis 
has to be made of cost and production statistics under each plan. The volume 
of business involved must be estimated from a combination of known facts and 
projected trends. The relative manufacturing cost under each plan has to be 
estimated by reconstructing known costs and estimating new cost factors. All 
of this calculation calls for a comprehensive analysis of existing statistical trends 
in costs, available machine capacity, labor efficiency, market outlook, business 
cycle, and the company's position in the particular industry involved. An actual 
analysis of production trends and forecasts is shown in Figure 25 for a foundry 
contemplating the addition of two new lines of products in an effort to recapture 
a shrinkage in volume at the close of World War 11. 

When preliminary estimates from selected alternatives indicate a sound jus¬ 
tification for a new layout, then the suitable type of layout to be developed must 
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be selected. In factory layout the difference between a continuous process and 
an assembly process becomes significant at the outset. Plant layout problems 
wherein the product can be fiowed by gravity or pumps differ materially from 
those in which the work must be moved by hand, crane, truck, or conveyor. 
Operations involving heavy machinery receive first consideration in designing 
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Fig. 25. Production trends and forecasts. Actual analysis of annual production tonnage over 
an 18-year period in a foundry company. Note the typical business-cycle dips in 1932 and 
1938, and the war-production bulge in the five years from 1940 through 1944. The 5-year 
forecast levels off existing product lines at the 1945 volume and introduces two new lines in 
an effort to regain the wartime production peak. 


layouts. Repetitive operations on standardized produets must also be distin¬ 
guished at the start from unlike operations on non-standard products. 

Selecting the Tentative Type of Layout 
Although many of these fundamental factors can be determined readily by a 
competent plant layout engineer without the need of supporting statistics, the 
fact must not be overlooked that, at this stage of the plan, consideration is lim¬ 
ited to the broad factors influencing the selection of an appropriate type of lay¬ 
out. The point of actually developing the layout has not yet been reached. It 
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does not require much basic data to determine whether the product is light or 
heavy, or whether it is to be moved by truck, crane, or conveyor, or how much 
heavy machinery is involved. Nor does it necessitate much research to ascertain 
if women workers are to be employed, or whether to manufacture on a straight- 
line or a functional basis, or on both. Selecting the tentative type of layout to 
use is but a preliminary step to give form and shape to the layout design. This 
type of planning docs not determine the number of machines, cranes, conveyors, 
work stations, aisles, storerooms, departments, etc., to be provided for in the 
project, but it does set up a guide in developing the layout as described in later 
chapters. 

2. PRELIMINARY SURVEY THROUGH STATISTICAL ANALYSIS 
Statistical Records of Reference 

Preliminary analyses of this sort are obtained by a careful scrutiny of statis¬ 
tical records providing dependable reference to such data as: 

1. Sales volume of each line of products. 

2. Manufacturing labor and expense by control cost accounts. 

3. Net allowed hours and machine loads. 

4. Number of employees on the payroll. 

5. Amount invested in fixed assets and inventories. 

6. Inventory of machine tools and handling equipment, 

7. Organization charts, 

8. Plant layout drawings. 

9. Backlog of unfilled orders. 

10. Past history of production activity. 

11. Quality of product. 

12. Percentage of rejects. 

13. Changes in product designs. 

Summary of Survey 

Final plant layout designs are based directly upon these investigations and 
analyses and do not result simply from a mere fitting together of templates. 
Equipped with this advance information, the plant layout engineer inquires into 
the layout project being contemplated and reviews on the premises all plant 
facilities for handling, processing, dispatching, and storing raw materials; work 
in process; and finished products. He analyzes bottlenecks, inefficient flows, 
percentage of rejects, and operator efficiencies. He holds meetings with the key 
men in the plant in order to appraise properly the circumstances calling for a 
new plant layout. A summary of this survey is then written, with supporting 
statistics attached. 

This survey should be conducted by experienced plant layout engineers whose 
training enables them to recognize the relative importance of a project in its 
initial stages. It is their function, while making a preliminary survey on the 
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premises, to map out the amount of work to be done subsequently on the prem¬ 
ises and to set up the contacts through whom the actual layout development will 
operate. This is the stage at which contacts with other departments, such as 
sales, accounting, production, and engineering, are established for the purpose 
of gathering the necessary statistics. At this stage also statistics are gathered on 
new process developments that have a direct bearing on trends in manufacturing 
methods, such as plastics, powder metallurgy, and electronics, which may ulti¬ 
mately affect the plant layout design. 

Following Up the Survey 

The survey work at this stage does not end with the submission of the pre¬ 
liminary report on a project. When not engaged on special projects, plant lay¬ 
out engineers circulate continually around the various departments of the plant, 
as well as through outside plants, in search of new ideas. In the course of their 
travels these engineers keep looking for incipient layout problems which, by 
reason of their specialized aptitude, they can recognize and appraise long before 
the problems develop into emergency requirements. In the meantime, while 
awaiting action on the survey, they keep in close contact with the operating de¬ 
partments and the plant management, to assist in working out present and future 
plans for new operations, transferring manufacturing activities to other depart¬ 
ments or plants, farming out work to outside subcontractors, acquiring new 
enterprises, and keeping the company abreast of new trends in the flow of work 
through production and assembly lines. 

3. INFORMATION GATHERED FOR TENTATIVE LAYOUT PLANS 

Business Potentials of the Layout Project 

Only too often a comprehensive set of layout plans drawn up from fanciful 
thinking on the part of overzealous production men and independent of the rele¬ 
vant sales potentials and resulting profits, carries enough plausible weight to 
gain direct approval. That is usually the reason why, as soon as a plant starts 
making a profit, it often dissipates it unwisely on plant expansion without duly 
exploring the sales and profit angles covering the life span of the new investment 
involved. 

Preliminary Analysis of the Project 

The actual work of developing a layout project should not begin until the plant 
layout engineers surveying the project have visited the premises where the new 
layout is contemplated, then submitted their preliminary survey of the problem, 
appraised the project, and estimated the amount of work required to prepare 
the design. Through the medium of the statistics compiled for the preliminary 
survey, the plant layout engineers determine the labor hours, volume of output, 
and number of operators involved in the new layout. In doing this, they contact 
the various sections and departments at the plant to secure: 
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1. Proper manufacturing methods 

2. Time values 

3. Cost analyses 

4. Quality control requirements 

5. Lists of works equipment 


6. Production planning 

7. Tooling requirements 

8. Power loads 

9. Record of existing service facili¬ 
ties 


Process Flow Chart 

This information is assembled into an integrated plan and summarized into a 
tentative process flow chart. In making a process flow chart, suggestions should 
be solicited from those working directly on the operation. Some of the most 
valuable suggestions come from this source. When the operators are given an 
opportunity to discuss proposed rearrangements with their foremen, they often 
bring up valuable suggestions for making practical improvements. When these 
are considered in line with the main plan, many good ideas can usually be in¬ 
corporated. 


Tentative Plant Layouts 

Material-handling facilities are then brought into the picture, inspection points 
and dispatch stations are added where needed, and storerooms are laid out to 
handle the projected output. Tentative plant layouts are prepared and revised 
as needed until a final layout meeting the requirements of the project has been 
developed. Work-station layouts supply the basis for operation and time ele¬ 
ments for calculating time values in accommodating the output capacity con¬ 
tained in the final plant layout decided upon. 


Supporting Statistics 

While a tentative layout is being drawn up from the data supplied in the 
survey, additional and more specific information has to be gathered on the plant 
premises. This information consists principally of: 


1. Building dimensions and struc¬ 
tural characteristics 

2. Location of existing machinery 
and equipment 

3. Lists of tools 

4. Lighting and heating utilities 

5. Storage facilities 

Pertinent Shop Information 

Supplementing these cold statistics, the 
more pertinent items, such as: 

1. The existing plant force 

2. Product design 

3. Processing and assembly opera¬ 
tions 


6. Material-handling equipment 

7. Sanitation facilities 

8. Power plant 

9. Office buildings 

10. Utilization of present capacity 

11. Tentative spots for inspection 
points 

plant layout engineers require data on 

4. Operator efficiencies 

5. Manufacturing methods 

6. Production routing 
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Experience has shown that young student engineers are more successful in se¬ 
curing pertinent information than are more mature engineers. The young engi¬ 
neer places more energy in seeking detail information, is normally more inquisi¬ 
tive, and arouses less suspicion in the minds of operators and foremen than does 
the older engineer. A combination of experienced engineers and student engi¬ 
neers appears to be the ideal approach to the problem of gathering information 
in the works proper. 

Other information gathered in the shop includes: 

1. Time lost at work stations due to improper layout 

2. Amount and condition of stocks carried in process and in storerooms 

3. Efficiency of shop controls over: 

а. Production schedules 

б. Machine setups 

c. Material scrap 

d. Percentage of rejects 

Testing Alternative Layouts 

In connection with the need for making more than one tentative layout for the 
same project, H. K. Ferguson of the H. K. Ferguson Company, a leading firm of 
plant construction engineers, Cleveland, Ohio, stated in an address before the 
American Management Association, November 15, 1939, in Chicago: 

My own high mark to date is the making and testing of 34 alternate layouts for 
one plant, before arriving at the one, and only one, extremely simple and clean- 
cut arrangement which most nearly harmonized the ideal and the practicable layout 
in all particulars * 

In describing the automobile-frame plant of the A. 0. Smith Corporation in 
Milwaukee, Professor R. M. Barnes states that it took 5 years and $8,000,000 
to build the plant, and quotes L. R. Smith, president of the company, in these 
words: '‘Ten times the plant was built on paper at a cost of $1,500,000 for pencil 
roughs.’' t 

Cost of the Survey 

To the uninitiated in the fields of plant layout and statistical analysis, this 
may seem like a large order of information just to determine what plan to select 
before making a plant layout in final form. When it is realized how easily a 
project running into thousands, hundreds of thousands, and even millions of 
dollars may turn out to be a "white elephant,” the expenditure of the time and 
effort required to gather and digest this information represents but a fraction 
of the cost of the project itself. 

* R. H. Lansburgh and W. R. Spricgel, Industrial Management, Third Edition, John Wiley 
& Sons, 1940, p. 135. 

t R. M. Barnes, Industrial Engineering and Management, First Edition, McGraw-Hill Book 
Co., 1931, p. 45. 
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Furthermore, the cost of this information is more than compensated for by the 
time and effort saved after the project gets underway through less confusion in 
reconciling controversial suppositions. This is not counting the possible saving 
that accrues from discarding “white elephant” plans before they reach the stage 
of execution. 

4. INTANGIBLE FACTORS UNDERLYING A LAYOUT PROJECT 
Limited Objectives Commonly Found 

In many manufacturing organizations, the plant layout department is nothing 
more than a section of the plant engineering or the production departments. As 
a result of this isolation from the general administrative organization, plant lay¬ 
out work often begins and ends with only two objectives in mind, namely: 

1. Improved utilization of existing facilities. 

2. Finding reasons for buying new equipment. 

In the more progressive companies where engineering technique has been applied 
to the field of top management in seeking additional markets for the products 
or an expansion of volume by the addition of ])r()ducts, plant layout engineering 
has been emancipated from a perfunctory role and placed in close contact with 
market development, both with direct access to the general manager. 

Marketing Cost 

Whereas plant layout is concerned primarily with the flow of the product 
through the production line, marketing follows the flow from the end of the 
production line, through the company’s customers, and into the consumers’ hands. 
Very few companies know the full cost of marketing their products from the 
time the products leave the factory until they are purchased by the ultimate 
consumers. The cost of marketing the product is often as much as the cost of 
manufacturing it. When one-half of the consumer's dollar for a company's prod¬ 
ucts goes for the marketing cost, only the other half goes to the manufacturer. 
Furthermore, when one-half of the manufacturer’s share goes for material han¬ 
dling within the plant itself, only one-quarter of the consumer's dollar remains 
for the payment of productive manufacturing operations. 

In a competitive economy, it is the consumer’s entire dollar that causes him 
to decide which product to buy. The fact that only one-half of his dollar goes 
to the manufacturer is of no concern to the consumer. But the fact that the con¬ 
sumer pays twice as much for the product as it costs to manufacture it becomes 
of immediate concern to the manufacturer in his struggle to attract the con¬ 
sumer’s dollar from competitive products. When a company distributes its line 
of products through a national sales agency, the company cannot readily adapt 
its product design and production facilities to market demand unless it maintains 
its own force of market analysts and budgets its plant capacity to scientifically 
projected sales requirements. 
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Sale of Plant Capacity 

In the final analysis, that which a manufacturing organization has to sell is 
plant capacity, either for existing or new products. Through plant layout, that 
capacity must be kept related to market demand if the plant is to make the 
most profitable use of its capacity. Through sales forecasts and budgets, the 
company develops its marketing program over a number of years. The relation¬ 
ship between the sales forecast and the output capacity is reciprocal. The one 
determines the possibilities of the other according to the strategy employed by 
the management in exploring both the market and the plant facilities. In acquir¬ 
ing new products, additional markets, etc., the management is compelled to focus 
its product engineering and manufacturing capacity first in one product field and 
then in another, shifting its spotlight in pursuit of market demand. 

Changes in Sales Requirements 

Each engineering change in a product affects plant layout, and each change 
in sales requirements affects scheduling, routing, and the output capacity of a 
given layout. The acceptance of special orders definitely upsets the best-planned 
production schedules and often seriously paralyzes the output capacity of the 
plant. Sales promotion, market potentials, product development, company ex¬ 
pansion, etc., are all dependent on plant facilities, and these in turn are all deter¬ 
mined and kept reconciled to changing requirements through alert plant layout 
engineering. For these reasons, an engineering-minded management maintains 
marketing and plant layout engineering in close contact in order to project sales 
for the entire plant capacity instead of for products which it may not have the 
capacity to manufacture at the right time, or which may never permit a maxi¬ 
mum utilization of available plant capacity. 

Evaluation of Alternative Plans 

A plant layout that begins by simply obtaining a production forecast from the 
management is seldom more than a plan to reshuffle machinery and equipment in 
an attempt to meet a foregone volume, often with the injudicious addition of fioor 
space and new equipment. On the other hand, a layout that begins after a num¬ 
ber of preliminary alternative plans have been roughed out and properly evalu¬ 
ated, to provide the management with a choice of output possibilities before the 
sales program is decided upon, offers a sounder basis upon which management 
can forge ahead with confidence in a competitive economy. 

5. CHECK LISTS OF ADVANCE DATA FOR THE PROJECT 
Outline of 18 Steps 

The initial steps taken by the plant layout engineer in “sizing up^^ the situa¬ 
tion of a layout project are enumerated below for a normal revision project in a 
manufacturing establishment, regardless of size. In considering these steps, how¬ 
ever, it must be borne in mind that not every step applies in every layout study, 
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or in any specific project for that matter, nor do the steps necessarily follow 
the sequence given here. The 18 steps outlined below are a list of points not to 
be overlooked rather than a cut-and-dried program to be adhered to in outlining 
a plan of attack. 

CHECK LIST OF ADVANCE DATA ON PRODUCTION LOADS 

1. Study the different types of products to be manufactured. 

2. Study the individual designs of these products. 

3. Determine the parts or materials that are interchangeable or common. 

4. Ascertain the probable life of the separate product designs. 

5. Analyze past activity and present loading. 

6. Secure projected loading in writing. 

7. Break down the projected loading into component parts. 

8. Study the feeder-section connections contemplated. 

9. Analyze the problems of material handling and transportation. 

10. Review the operation file with the time-study or methods engineer. Ascertain the 
wage rates, earnings, and operating efficiency of the plant force, overtime, and setups. 
Secure the responsible supervisor’s recommendations. 

11. Make a thorough study of the storerooms and stockrooms. Secure full information 
concerning the present practice of holding stock. Determine the present and con¬ 
templated investment in raw materials, work in process, and finished stock. Check 
these figures against the contemplated production loading. 

12. Break down the projected loading of component parts into operation elements. 

13. Convert the operation elements into operations. 

14. Route the operations into their proper sequence. 

15. Balance the operations. 

16. Align the operations on flow charts. 

17. Study the flow charts for bottlenecks, trends in processing, centralization possi¬ 
bilities, facility requirements, and surplus capacities at work stations. 

18. Make a comprehensive check of major tools available to determine: 

а. The operating condition of the tools, 

б. The quantity of tools on order, by types, 

c. The contemplated loading of the production equipment, 

d. The types of machine tools to which the planned operations will be dispatched, 
6. The types of small tools, jigs, and fixtures needed, and 

/. The drive medium of the machine tools selected. 

Buildings and Equipment 

When the proposed layout is to be housed in existing buildings and is to utilize 
existing plant facilities, the following data on existing buildings and equipment 
should also be compiled in advance of undertaking the development of the re¬ 
vised layout. 

CHECK LIST OF ADVANCE DATA ON EXISTING FACILITIES 

1. Prepare machine tool layout information forms on all machine tools and production 
equipment. 

2. Compile the sizes and shapes of all workbenches, racks, and other furniture and 
fixtures on the existing layout. 
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3. Check building openings for aisles, entrances, and exits. 

4. Prepare a floor plan showing all floor obstructions such as: 

a. Water fountains, switch boxes, lighting panels, 

b. Sprinkler risers, pipelines for gas, water, air, and steam, drainage facilities, and 
manholes, 

c. Fire hose reels and extinguishers, 

d. Fire and police boxes, and 

e. Industrial and broad-gauge trackage. 

5. Floor loads and weight of work in process. Also allowable loads. 

6. Roof construction and overhead clearances. 

7. Office facilities. 

8. Check the floor blanks for the accuracy of building dimensions and location of aisles, 

stairways, and elevators. 

9. Foundations for machinery. 

10. Storerooms, tool cribs, and test facilities. 

11. Window arrangement. 

12. Location of noisy equipment such as grinders, saws, punch presses, and drop 

hammers. 

13. Conditions of lighting, heating, sanitation, ventilation, and safety. 

No attempt has been made in the list above to illustrate specific applications 
in any particular plant or in a standard sequence. These items cover principles 
applicable in part or in whole to any plant, as warranted by the conditions re¬ 
lated to a project. No uniformity exists in the emphasis, sequence, or number 
of principles applied in individual projects. Experience and judgment are the 
only guides for measuring the degree of refinement required in compiling and 
utilizing the principles enumerated in this check list. 

An example of a layout designed to make an addition to an existing oil re¬ 
finery is shown in Figure 26. Units w^ere added to this plant of the Utah Oil 
Company to permit the production of high-octane aviation gasoline. As de¬ 
scribed on the layout, the additional units were arranged in a straight-line rela¬ 
tionship, starting with the catalyst cracking structure, for economy in piping. 
Without a thorough advance gathering of data on existing facilities and a sub¬ 
sequent co-ordination of the projected plans with these facilities, it is safe to 
conclude that this layout would never have reached the stage of actqal installa¬ 
tion as made by the M. W. Kellogg Company. ‘ 
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catalyst cracking structure at the extreme right. Note elevated pipeways permitting easy 

access to all units. 










Him hydroxide storage 
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by the M. W. Kellogg Company, Jersey City. 














































CHAPTER V 


Benchmarks Used in Plant Layout Work 

1. PLOT PLANS. AREA DIAGRAMS, AND PROCESS CHARTS 
Plot Plans 

If the project involves more than one building on the same premises, the start¬ 
ing point in laying out the project is a plot plan of the entire plant property. 
Such a plan is illustrated in Figures 27^4 and B for a lamp works comprising 11 



Fig. 21A. Photograph of a lamp works consisting of 11 separate buildings intersected by a 
public street and inclosed by railroad sidings. {Courtesy of Westinghouse Electric Corpora¬ 
tion, Bloomfield, N, J,) 


separate buildings. The plan shows the various buildings already in existence, 
property lines, plant yards, roadways, railroad sidings, and outside facilities, such 
as fire hose and plugs, outdoor cranes, tanks, pump houses, scrap bins, and storage 
areas. 

The information concerning each building is confined to the number of the 
building, its dimensions, number of stories, floor elevation in feet, stairways, and 
elevators. 

For a modem manufacturing plant consisting of only one manufacturing build- 
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Fia. 27B. Plot plan of the same lamp works, showing the network of overhead bridges and 
underground tunnels linking the 11 buildings into a unified pattern of detached floor layouts. 

any of the structural units are built, much expense and delay can be avoided 
later as the buildings come into being. Management can thus plan its invest¬ 
ments in plant construction and expansion with greater economy and utilization 
than by piecemeal planning. 































Fig. 28. Typical plot plan showing the complete site development for a modem manufacturing plant. By planning the over-all 
arrangement of the plot before building any of the structural units, much expense and delay can be avoided later as the buildings 
come into being. Management can thus plan its investments in plant construction and expansion with greater economy and utili¬ 
zation than by piecemeal planning. {Courtesy of Albert Kahn Associated Architects and Engineers, Detroit.) 
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Key Plans 

In making a layout affecting more than one building or a building covering a 
considerable amount of ground area, a number of standard-size drawings, 24 
inches X 36 inches, will be required to provide complete coverage of the plant 
area involved. These drawings are made in conventional scale of % inich = 1 
foot. In Figure 29 the plot plan of a plant consisting of 19 detached buildings 
is shown in two stages: (a) plot plan before being sectionalized into detail areas, 
and (6) key plan developed on the plot plan to identify the 96 component de¬ 
tail drawings necessary to cover the detail layout of the entire premises. 

In order to interrelate these drawings properly and to avoid the confusion 
of piecing them together as in a jigsaw puzzle, the plan of the entire set is out¬ 
lined on the plot plan. By using the key plan system of drawing, the entire 
plant, regardless of size, can be laid out on the full scale of ^ inch = 1 foot, 
thereby holding down the individual drawings to standard size for filing and 
handling. 

Floor Plans 

The floor plans of the building structure, along with any required sections 
through the building, are traced in India ink on tracing cloth. These drawings 
become a permanent record of the building and are entirely apart from the draw¬ 
ings subsequently made of the plant layout. 

Floor Blanks 

Floor blanks of the building in which the layout is to be housed are drawn on 
24 inch X 36 inch sheets of tracing paper, using a scale of % inch = 1 foot. 
These floor blanks form a part of the component detail drawings identified indi¬ 
vidually by the plan numbers shown on the key plan of the premises. On these 
floor blanks a preliminary layout is made of the contiguous areas required for 
the various processing activities, storage spaces, and aisles. 

General Outline of Techniques 

The detail technique for making prediminary layouts on floor blanks has been 
reserved for Chapter IX on “Analyzing, Balancing, and Routing the Opera¬ 
tions.’’ In this and the next chapter, only a general outline of the techniques of 
plant layout engineering is discussed. The practical application of these tech¬ 
niques becomes the subject matter of Parts 2 iSnd 3, which follow. 

Area Diagrams 

On the rough plan of the areas allocated on floor blanks, a geographic flow 
line of the product can be established tentatively. When the proper flow has 
been finally determined, the area diagram serves as the nucleus around which 
template layouts can be developed on the same scale of inch = 1 foot. It 
must be remembered that the area diagram is merely intended to serve as a 
guide for preparing the layout and as a quick preview of the ultimate layout. 

For these reasons, the drawing detail appearing on the area diagram is con- 
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Fig. 29A. Plot plan of a manufacturing plant consisting of one office building, four manufacturing buildings, one blacksmith shop, one 
lumber shed, one garage, one power house, one saw mill, and eight storage buildings. {Courtesy of Gaudreau, Rimhach cfc Associates, 

Pittsburgh.) , 



































Fig. 29B. Key plan of the 96 separate drawings of standard size, 24 X 36 inches, on scale of H inch = 1 foot, necessary to cover the detail 
layout of the entire ground area of the plant property in Figure 29d. {Courtesy of Gaudreau, Rimhach <k Associates, Pittsburgh.) 











































vrea diagram of an electrical-motor manufacturing plant, showing only the general arrangement of the plant and the approximal 

areas allotted to operations. 
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fined to the indication of approximate areas and locations of operations. The 
area diagram of an electrical-motor manufacturing plant is shown in Figure 30. 
It will be noted that the diagram shows only general arrangement of the plant 
and approximate areas allotted to operations. It does not include information 
regarding the type and number of machines nor does it attempt to show the 
arrangement of the equipment, but it does indicate the flow of material through 
the plant. 



Fig. 31. Operation process chart for a capacitor. Each component part is identified by specifi¬ 
cation number and broken down into operations. Time values are shown for each operation. 
Flow lines indicate the sequence of all operations in the manufacturing cycle. 


Operation Process Charts 

When a variety of parts and products are manufactured which follow different 
paths across several floor areas, an operation process chart may be necessary 
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for the important material items or products. In Figure 31 is shown such a 
chart for the manufacture of a capacitor. Each component part in this flow is 
identified by specification number and is broken down into operations. Time 
values are shown for each operation. 

The flow lines on the chart indicate the sequence of all operations in the 
manufacturing cycle. With this type of chart as an over-all guide, area dia¬ 
grams may be drawn with greater assurance of comprehensiveness and with less 
trials and errors. 

Advantages of Charts 

In using area diagrams, operation process charts, material flow charts, and 
template laydowns, many significant points come to light which might not other¬ 
wise be detected until after the layout has been actually installed. Examples 
of some of these points are: 

1. Material crossovers become plainly evident. 

2. Long distances between certain successive operations stand out promi¬ 
nently by comparison with other related distances. 

3. Wasteful methods of material handling resulting from improper sequence 
of operations are made clearly obvious. 

2. RECORDS OF EXISTING MACHINERY AND EQUIPMENT 
Superfluous Records 

Of the many records which are sometimes kept in a plant layout office, only a 
specific few arc of sufficiently vital necessity to justify compilation or filing. A 
considerable amount of operating and cost data which the plant layout engineer 
requires only on certain occasions is usually available in reference form in 
other departments. As an example, although the engineer must know all the jobs 
that are routed to some particular machines and the production activity of 
these jobs, most of this information is usually on record in the production de¬ 
partment. It would therefore be a superfluous effort for him to duplicate these 
records in the plant layout office. Time-study data are likewise available in 
reference files maintained in other departments. 

Characteristics Record of Machine Tools 

It is desirable, however, to maintain in the plant layout office accurate records 
of characteristics of machine tools and of other processing equipment. Suitable 
forms for compiling this information can readily be mimeographed or photo¬ 
offset as needed. To attempt to design a standard printed form that would be 
suitable for all types of machinery would only lead to complications and un¬ 
necessary confusion. A more practical plan is to make up separate sets of simple 
forms of uniform size and character to satisfy widely different types of machines. 

Machine-Tool Record Card 

One of the most important records that the plant layout engineer must main¬ 
tain at all times in complete and accurate state is a plant layout specification 
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BKkofcard 

Fig. 32. Reference card on each machine tool obviates the necessity for making physical 
checks on the premises whenever the need arises for basic data on operating units. This infor¬ 
mation is summarized in Figure 33. {Courtesy of Gaudreau, Rimbach & Associates, Pitts¬ 
burgh.) 






































































Fig. 33. Summary data for each unit of machinery and equipment as taken from Figure 32. This summary" sheet also serves as bill of material 
and simplified specification sheet on machinery and equipment. {.Courtesy of Gaudreau, Rimbach dt Associates, Pittsburgh.) 
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file of all machine tools involved in the particular project he happens to be 
working on. A convenient and readily accessible form for this purpose is the 
two-sided 5x8 inch card illustrated in Figure 32. These cards lend them¬ 
selves to quick reference when filed by tool tag number or plant Iqcation. Most 
plants identify each piece of machinery and equipment by a property tag bearing 
an inventory number and affixed (through the medium of riveted plates or 
painted numbers) to each asset unit. 

When properly filled out and filed, the machine-tool record card places at the 
engineer's fingertips a comprehensive summary of the plant layout data for each 
piece of machinery with which he is concerned. This file obviates the necessity 
of his making physical checks on the premises whenever he needs basic data 
on machine units. 

Equipment and Facilities Requirements 

For many years the engineering drawing alone was used as the means of con¬ 
veying equipment data, such as identification, location, power requirements, and 
plant services affected, which are pertinent to the particular plant layout ap¬ 
pearing on the drawing. This practice often beclouded the plant layout design 
itself by the necessary pell-mell insertion of numerous notations on the drawing. 
It also meant that everyone concerned with the machinery and equipment which 
figured in a layout had to refer to the drawing for needed machine data. Quite 
often such information was found lacking. 

To conquer this shortcoming, a recapitulation form for recording pertinent 
data on plant equipment and facilities involved in a given plant layout has been 
brought into use, in recent years, as a supporting statement accompanying the 
layout drawing. Such a form is illustrated in Figure 33. It serves the multifold 
purpose of summary sheet, bill of material, and simplified specification sheet on 
machinery and equipment. Some of its principal advantages are listed below: 

а. It keeps the plant layout drawing free of distracting and confusing 
notations. 

б. It enables the estimators to take off readily all machine descriptions 
and quantities. 

c. It specifically shows the order clerks what particular machinery and 
equipment must be ordered or moved. 

d. It serves to double-check the plant layout engineer's calculations by re¬ 
vealing errors and omissions. 

e. It permits the making of a quick checkup of the loads on power and 
other plant facilities. 

f. It saves time and patience in hunting over a drawing for specific infor¬ 
mation on machinery and equipment. This effort must be exerted many 
times in the course of a project. 

g. Lastly, and perhaps most importantly, it enables persons not versed in 
reading blueprints to secure information which they could not otherwise 
interpret from the plant layout drawing. 
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Cross-References on Drawings 

It is now the general practice, wherever this recapitulation form is used, for 
the plant layout engineers to designate each piece of equipment by an identifica¬ 
tion number on the layout drawing and to cross-reference this item with a cor¬ 
responding descriptive listing on the supporting recapitulation sheet. This sheet 
then accompanies the drawing in all requests for copies of the layout. This 
practice has resulted in saving much time and in eliminating many errors in 
referring to the layout. 

3. FIELD NOTES ON BUILDINGS AND EQUIPMENT LOCATIONS 
Checking Building Dimensions 

Very seldom do architectural drawings of a plant structure represent an exact 
pattern of the building as actually constructed. Deviations from actual dimen¬ 
sions arc the rule on most building plans. Irregularities of this nature arise from 
field adjustments made after the drawings have been completed and from toler¬ 
ances allowed the building contractor for practical construction purposes. It 
behooves the plant layout engineer, therefore, to “field-check” thoroughly existing 
buildings before undertaking a re-layout. In rechccking building dimensions he 
frequently encounters building alterations that have been made without being- 
reflected on the drawings. 

New Drawings of Existing Buildings 

It is not uncommon to find that the building drawings themselves are no 
longer available in some plants. In such circumstances new plans have to be 
prepared from field measurements of the existing structures. These drawings 
need not be as elaborate in architectural detail as the original set, but they 
should contain all the building information pertinent to a plant layout. This in¬ 
formation consists mainly of floor plans and of an elevation plan showing a 
typical cross-section through each building under study. Where cranes are 
permanently installed in a building, these should be clearly shown on cross- 
sectional elevations, with the principal dimensions for each crane structure. 

Extent of Field Notes 

Rarely can it ever be felt that too many field notes have been taken for a 
project. This is realized when the notes are eventually plotted on drawings in 
the plant layout office, at which time much data arc invariably found still lack¬ 
ing. The taking of copious field notes in the first place can save many return 
trips to the site for additional information later discovered to be needed. 

While taking field notes, it is advisable also to check the location of all ma¬ 
chinery and equipment encountered in the building being checked for dimensions. 
This information should not be put on the floor plan, in as much as such entries 
would void the use of the plan for reproducing floor blanks needed for the layout 
work. When it is necessary to prepare a drawing of the existing layout, a trac- 
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ing reproduction of the floor plan should be made, and the existing layout drawn 
up on this duplicate. 

Field Sketches 

Typical of the practice followed in taking field notes for reproducing floor 
plans is the sketch illustrated in Figure 34A. The sketching of the cross-section 



All points marked to be dimensioned 

B. Building cross-section of a one-story, wooden-frame, two-aisle plant sketched in field notes. 



All points marked to be dimensioned 

C, Overhead traveling crane. Method of recording data for later entry on a machine record 
card or on the drawing of the building section. 

Fig. 34. Typical field sketches of floor plans, building cross-sections, and overhead traveling 
cranes included in the field notes taken for a plant layout project. 


of a building, made while taking field notes, is illustrated in Figure 34B. The 
method used for recording data on an overhead traveling crane is outlined in 
Figure 34C. 

Type of Field Information 

The type of information gathered in taking field notes to be used in prepar¬ 
ing floor-plan drawings is summarized in Chapter VII, Section 3. Unless all of 
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these points are thoroughly checked and recorded in advance, it may prove 
somewhat embarrassing later, after the layout has been developed, to discover 
that the plan calls for locating a machine tool over an existing manhole, or for 
erecting a storeroom bin or rack across a doorway. Moreover, downspouts, 
sprinkler risers, and electric switches have an uncanny way of popping up un¬ 
expectedly at just the spot found convenient for something else in the plant layout 
design. 

4. SPOTTING MACHINERY AND EQUIPMENT ON LAYOUTS 
Accuracy of Field Data 

In taking field notes of dimensions and locations of machinery and equipment, 
many methods have been tried. Plant layout engineers are often at variance 
on the degree of thoroughness and extent of detail required in measuring, draw¬ 
ing, spotting or locating, and recording field data on machine tools and other 
process equipment. Years of varied experience under trying circumstances have 
convinced the authors that only the most accurate data and drawings will pro¬ 
duce satisfactory results and low costs from a layout. 

After all, a layout drawing is only a medium for communicating the thinking 
of a group of individuals, the plant layout engineers, to other groups of indi¬ 
viduals, namely, the shop management, supervisors, architects, and constructors 
or maintenance crews. Unless this medium of transmittal is readily and clearly 
understood by all parties concerned, a polyglot of misunderstandings and errors 
invariably results from the layout drawing. When, because of a deficiency in 
data, the drawing gives rise to varied and erroneous interpretations while being 
studied by different individuals, it also usually leads to a clash of irreconcilable 
opinions. 

Sketching Machine Templates 

In the matter of taking field notes of machinery and equipment for the pur¬ 
pose of preparing templates, the template standards recommended by the Ameri¬ 
can Society of Mechanical Engineers take cognizance of the importance of ac¬ 
curacy and thoroughness of dimension measurements. The society's Committee 
on Plant Layout Standards recommends that a measurement of the contour, or 
periphery, of the machine be made in preference to a mere ^^blocking out of 
space.” Figure 35 describes in detail the two steps taken in the recommended 
method of drawing a sketch for a machine template while field notes are being 
taken for a layout; 

Step 1. Project the periphery points of the machine onto the floor. 

Step 2. Connect the periphery points with chalk lines on floor to give out¬ 
line of machine. 

When the notes are taken with the precision advocated in this method, the 
plant layout engineer is enabled to plan his layout with assurance. He is not 
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Step 1 

Step 1. Floor points. Project the periphery points of the machine onto the floor. These 
points are marked with an in the projection illustrated above. 

indicates clearance 



Step. 2. Floor lines. Periphery points connected with chalk lines on floor give outline of 
machine. Fill in the dimensions marked and enter this diagram in field notes. Note the 
projection of the machine carriage or table travel. In recording this sketch, notate existing 
attachments and locations of possible future ones such as taper, grinder, miller, coolant pans, 

and turrets. 

Fig. 36. Floor sketch for template. The two steps in drawing a sketch for a machine template 

while taking field notes. 
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handicapped by inaccuracies of templates, and the sketch permits him to dis¬ 
tinguish clearly the machine proper from the areas appended for clearances and 
work travel. From a template drawn in this manner, he can also see readily what 
space is available for lockers, skids, pans, benches, stools, conveyors, and the 
multitude of other auxiliaries that make up the layout of a work station. 

Spotting Machinery on the Layout 

Of equal importance with the accuracy of the template is the accuracy used 
in spotting, or locating, a machine on the floor while taking field notes. Once a 
layout is ready for installation, the millwrights and riggers have to rely on the 
layout drawing as a guide for placing the machinery and equipment on the shop 
floor. Inasmuch as layout drawings are generally made on the small scale of 
14 inch = 1 foot, the danger of errors in placing equipment is increased 48 times 
in an actual foot of floor dimension. 

Machinery Dimensional Lines 

Owing to the multiplicity of lines that must otherwise appear on a layout draw¬ 
ing, it is not considered advisable to add complications to this array by includ¬ 
ing dimensional lines for each piece of machinery and equipment. Furthermore, 
millwrights must be permitted a certain degree of field tolerance in j)()siti()ning 
the equipment. How^ever, if a machine dimension must be held, as when match¬ 
ing several pieces of equipment during installation, only the principal dimensions 
of the machine periphery or center lines need be shown on the drawing. The 
millwrights will thereby find out what placement dimensions must be lield. and, 
as a corollary, where they cannot take the liberty of field tolerances. Holding 
strictly to a machine dimension is, of course, the exception and not the rule. 

Dimensional Reference Points 

Also of utmost importance in taking field notes for a layout is the spotting of 
reference points for placing the templates on the drawing. These points should 
be so positioned and indicated on the drawing as to be identified and located 
readily out in the plant. No room for doubt should be left in the mind of the 
installer as to the meaning of a reference point on a machine or building. As an 
aid in avoiding such confusion, notations such as the following should appear on 
the drawing: “All dimensions taken from center lines of columns or from face of 
bricks.^' 

Locating by Triangulation 

Where center lines of machines cannot be shown, the machine structure should 
be indicated in such a way that a definite series of points can be determined and 
scaled off by the millwrights. For example, machine feet, fixed pans, main hous¬ 
ings, chucks, spindles, and similar points can be used readily for locating pur¬ 
poses. Locating a machine by triangulation is illustrated in Figure 36 for a 
machine that can be related to a column or pilaster. Where no columns or 
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pilasters are available for this method, the triangulation can be based on a wall 
corner, as illustrated in Figure 37. 



Fia. 36. Focused on column. Locating a machine by triangulation focused on a column or 
pilaster; “X” denotes dimensions required in field notes. 



Fio. 37. Focused on tvall. Locating a machine by triangulation where no columns or pilasters 
are available as focal points. “X” denotes dimensions required in field notes. 


Sequence of Installing Machinery 

A point for the engineer to keep in mind is that a layout installation does not 
always progress continuously from one end of the plant to the other without in¬ 
terruptions or irregular sequence along the line. The workmen install the 
equipment at hand as existing conditions allow. They may install one piece at 
one end, another piece near the other end, and then backtrack to a piece near the 
starting end. If the layout is not accurate, a few inches out of place here and 
there may mount up into a sizable difference during the final stages of the in¬ 
stallation. Such a difference often necessitates making costly field adjustments 
in order to complete the installation according to plan. 



CHAPTER VI 


Techniques of Plant Layout Engineering 

“And first with nicest skill and art, 

Perfect and finished in every part, 

A little model the master wrought. . . 

From “The Building of the Ship,” Longfellow. 


1. PRELIMINARY TEMPLATE LAYDOWNS ON LAYOUT BOARDS 
Basic Type of Layout 

Much of the work of actually developing a layout of machinery and equip¬ 
ment is of a ^^cut-and-try’^ nature. Templates representing the machines are 
cut to scale and are tried in different arrangements and locations on the floor 
blank. In arranging these templates to form a layout of the flow of operations, 
the prime objective is to select the basic type of layout that will best suit the 
operations. AVill the flow of jDroduction be laid out on a product basis, as in 
mass production, or will it be aligned on an equipment basis, as in job-lot manu¬ 
facturing? The ultimate selection of the best plan, in so far as the choice be¬ 
tween a product flow or an equipment flow is concerned, however, is not made 
by merely shuffling teiiqilates over a floor blank. The factors to be considered in 
arriving at this decision are discussed at length in Chapter VIII on “Determin¬ 
ing the Capacities for the Design. 

Template Laydowns 

The information in support of the selected plan forms the basis for develop¬ 
ing the layout. From this basic information the plant layout engineer prepares 
final floor plans, on which he lays out templates of machine tools, conveyors, 
cranes, furnaces, ovens, inspection stations, spray booths, tanks, storage bins, 
trucks, etc., to form dejiartmcnts. This function of layout engineering is com¬ 
monly designated as the “template laydown.” 

Preparation of Templates 

When making template drawings of the production facilities required in a 
layout, one of two general plans is followed. If the time limit for a new layout 
is comparatively short a blueprint is made of an existing layout, and all the 
machine tools and equipment items are cut out of this print for use as templates. 
This method saves a considerable amount of time in preparing templates, but it 
docs not permit carrying out the standard color scheme used in regular template 
layout work. Nor are the templates as satisfactory to work with. 
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^ Dots Not Includ* WoigM of Motor, Control or Awiiliorioi. i’i’ ~ Inclvdoi Clooronct Allowoocot. 
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Fid. 38. Specimen template sheet for a specific milling machine. The sheet contains six 
identical templates of the same machine. With each template is shown a table listing the 
dimensions and weight of the machine, plus its motor power requirements. 
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When time permits, on the other hand, and both a more finished appearance 
and a permanent layout plan are desired, two-dimensional templates are made on 
Bristol board, or they can be purchased in printed form as illustrated in Figure 
38. They are then cut out as required. The advantage of using Bristol board 
becomes apparent when the same templates are used over again on several layout 
designs of the same project or on layouts of other projects. 



Fig. 39. Mural fcjnplatc laydainhs. Pontiac engineers use mural boards to plan machinery 
and equipment layouts on template laydowns for a projecjted output of 500,000 cars annually. 
{Coyrteny of Production Engineering and Management.) 


Layout Boards 

When a number of template laydowns of different departments and areas arc 
being used in planning co-ordinated plant layouts, the laydowns are frequently 
made on layout boards which can be mounted on a wall for convenience of 
reference. 

Depending upon the size of the project, layouts drawn to a scale of ’4 inch = 
1 foot may run into a considerable yardage of drawings when laid end to end. 
To facilitate the use of large numbers of layout drawings on which two-dimen¬ 
sional templates are used, the drawings are placed on layout boards. These 
boards are then affixed to one or several walls to provide uninterrupted continuity 
from one layout board to another. Mural boards of template laydowns for 
an automobile factory are illustrated in Figure 39. 
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Another method for making layout boards easily accessible, particularly where 
wall space is not available, is shown in Figure 40. Two men can sit in the works 
manager’s office at this plant and take a look at the entire plant without stirring 
from their chairs, or a fairly large group of people can be assembled for discus¬ 
sion of a plant move. This is made possible by a series of layout boards sus¬ 
pended in a frame in much the same way that an ordinary window is suspended 



Fig. 40. Disappearing hoards sliow plant layout in sections at the Bullard Company plant, 
Bridgeport, Conn. Six layout boards are suspended in a frame from which they can be 
pulled down and pushed up again, much like a window sash. The boards are 4 feel X 8 feet, 
and the whole frame occupies a floor space of only 2 feet X 8 feet. The layout scale used is 
1/4 inch = 1 foot, {Courtesy of Factory Management and Maintenance.) 


in a spring sash. The boards can be pulled down, one at a time, and pushed 
up again, as needed. 


2. TWO-DIMENSIONAL TEMPLATES FOR PLANNING LAYOUTS 
Four Planning Media 

Each year American industry invests millions of dollars in new plant fa¬ 
cilities or in plant alterations. The plans for these huge investments usually 
take form by application of one or more of four accepted planning media; 
(1) block templates, (2) two-dimensional templates, (3) three-dimensional scale 
models, and (4) template-model combinations. 

In the early years of industrial planning, the location of equipment was a 
matter of spot selection as the boss walked around the available shop space. 
Sequence of operations and balanced machine loadings were then seldom given 
consideration. Plant layout usually consisted of the physical maneuvering of 
machines until a satisfactory arrangement was chosen on the floor itself. The 
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principal concern was whether the space was large enough to accommodate the 
machine. 

Block Templates 

Around 1910, the general practice changed to the idea of making these ar¬ 
rangements on floor plans through the medium of rectangular block templates, a 
specimen of which is shown in Figure AlA. These were made of paper, cut to 
14 -inch scale, to represent the floor space to be occupied by the particular machine 
each template represented. Since these block templates made no allowance for 
clearances of tables or other moving parts of the machines, service facilities were 



A. Block h‘inplato. B. Two-dimensional template. C. ThretMlimonsional scale 

model. 

Fig. 41. Three layout media. The same milling machine as it would ai)pear as a block 
template, a two-dimensional template, and a three-dimensional scale model. 

often overlooked in planning the layout. To deal with this shortcoming, the 
block template was freciuently cut to larger dimensions to allow for clearances. 
Then it was found that the machine areas apparently overlapped on the layout, 
or that a large amount of floor space was wasted when the block templates did 
not overlap. 

Two-Dimensional Templates 

As the limitations of the block template system of layouts became more and 
more apparent and the need for more accurate layouts increased, the desirability 
of a more practical template led to the development of the two-dimensional 
template. For a comparison of the block and the two-dimensional templates, see 
Figure 41, parts A and B. 

The two-dimensional template is basically a small-scale outline of the plan 
view of the machine, including all contours and containing principal outlines 
taken at a height of 7 feet above the floor. Clearance allowances, such as table 
travel, are dotted in on the template as required. 

In reality, the two-dimensional template presents an outline drawing of the 
machine, showing actual floor space and clearance area requirements. It is more 
accurate than the block template and is conducive to a better understanding of 
the layout drawing. Some of these templates are now commercially available in 
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2. Advantages of two-dimensional templates are shown in this layout. Note the overlap of various equip- 
items in the section using block templates (indicated by base line). {Courtesy of Gaudreau, Rimbach db 

Associates, Pittsburgh.) 
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finished form, fully dimensioned and ready for the drawing, on a printed template 
sheet such as the one illustrated in Figure 38. 

The increasing complexity of plant arrangement has given rise to the need for 
the greater accuracy possessed by the two-dimensional template. Planning re¬ 
quirements such as unobstructed traffic movement through the aisles, adequate 
space for work in process, and allowance for material-handling equipment of 
the immobile type, such as conveyors, is now receiving due recognition in plant 
layouts. Furthermore, with templates representing skids, trays, storage areas, 
etc., the large amount of setdown space required in some industries can be 
readily computed. Through the medium of these templates a clear distinction 
is made on the layout between the floor space occupied by machinery and equip¬ 
ment and that which is left available for other purposes. An illustration of the 
advantages of two-dimensional templates over block templates is given in 
Figure 42. 

A complete layout, made with two-dimensional templates and developed to the 
point where it is ready for presentation for approval, is shown in Figure 43. This 
type of layout planning has become very popular in recent years. In fact, it is 
perhaps the kind most widely used today. From this type of layout, final draw¬ 
ings can easily be prepared with dependable accuracy. 

National Standards for Templates 

As far as the design of the two-dimensional template is concerned, the amount 
of detail shown within the outline of the machine is a matter dictated by the 
requirements of the layout project. Most plant layout engineers are satisfied to 
show enough detail to permit easy recognition of the important parts of the 
machine. The center lines and easily accessible fixed points of the machine are 
important to the millwright for determining measurements when installing the 
equipment. Other information notated on the templates includes the name, 
type, and weight of the machines they represent. The American Society of 
Mechanical Engineers has sponsored a project for the development and accept¬ 
ance of national standards on plant layout templates. The recommendations 
made for these standards are listed herewith. The establishment of these stand¬ 
ards should aid materially in simplifying plant layout planning as well as in elim¬ 
inating many of the present sources of errors and misunderstanding arising from 
conflicts in the technique of using templates on plant layouts. 

A8ME STANDARD PLANT LAYOUT TEMPLATES AND MODELS 

Introduction. This standard is intended to cover the engineering detail to be incorporated 
in design and production of two-dimension templates and three-dimension models for repre¬ 
sentation of equipment used in the planning and layout of industrial, commercial, and 
similar plant facilities. Nothing in this standard is intended to conflict with any existing 
or established standards, or any accepted drafting practice, and is compatible with general 
practices now used. 

Scope. This standard covers two-dimension, one-plane templates, and three-dimension 
equipment models, generally used for determining general arrangement of related equipment 
and structures. 
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Part i. Templates 

1. Scale. All templates shall be drawn to a scale of in. equal to 12 in. of full scale or 
M in. equal to 1 ft, U. S. measure. All dimensions shall be shown in feet and inches. 

2. General Outline. Outline of the equipment in heavy line indicating the contour as 
it would be described on the floor if a plumb line held at a height of 7 ft above the floor 
were to be followed around the periphery of the equipment and touching every extremity 
point when making a complete circle of the equipment, except for wheels or handles, etc., 
which should be indicated as a detail. (See recommended lines below.) 


THICK 



THIN 


THICK DASH 


MEDIUM DOT AND DASH 


THIN CENTER LINE 


Fixed outline of machine tool or equipment from floor level 
to 7-0* elevation above floor level 


Detail parts and substructures 


Clearances for moving parts of machine tools or equipment 

Overhead or underground elements-foundations, pits, 
service clearances and other elements important to 
the template 

Center lines 


3. Detail. Particularly on machine tools and mechanical equipment, center lines, loading 
points, control points, and operating points should be indicated using a lighter line than 
used for the machine outline. Enough detail of plan view features should be included within 
the outline of the template to make it clearly distinguishable and important points easily 
located. 

4. Clearances. All clearance lines including movable parts, service access points and clear¬ 
ances required for feeding or operating, should be shown in broken dash lines. Space allowed 
for material storage and other purposes, not required specifically for the equipment installa¬ 
tion, service or operation should not be included in the template. 

6. Interferences. Parts or structures above the 7 ft height, or foundations or substructures 
below floor level, should also be indicated. These are usually of importance to the installa¬ 
tion or operation of the machine or might serve as obstructions. It is usually required 
that they be shown on final drawings. These features should be drawn in light broken lines 
of a different character than clearance lines. 

6. Data. On templates of equipment with top surface of varying height, the point of 
maximum height should be indicated on the templates with a suitable symbol. The overall 
length, width, and height, including machine travel clearances, but not including operating 
or feeding clearances, also weight and horsepower, should be specified on or adjacent to 
the template. 

7. Identification. Space should be provided on the template to specify the name, style 
or model, size, and user’s identifying number. 

8. Miscellaneous. Indication of controls, service facilities, connection points, or conduit 
or pipe risers, operator’s position, and any other special feature should also be included on 
the template or included in the data. The operator’s position should be indicated by a 
heavy arrow (4.). 

9. Printing. Templates should be printed on both white and colored stock of at least 110 
lb weight, index bristol or equivalent. Various classes of equipment should be printed with 
black ink on stock of distinctive colors to permit ease of perception. Colors for colored 
stock templates are: 
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CLASS COLOR 

Machine tools, mechanical equipment, and similar devices Salmon 

Office equipment; stationary equipment, such as benches, bins, racks, 
lockers; service facilities, such as lavatories, toilets, etc. Green 

Material-handling equipment Yellow 

Space occupying portable auxiliaries used for material handling or tem¬ 
porary storage (such as skids, tote pans, pallets, trays, etc.) Red 


Part ii. Models 

10. Scale. All models shall be made to a scale of K in. equal to 12 in. of full scale or 
M in. equal to 1 ft, U. S. measure. 

11. Detail. The amount of detail to be designed into the model shall be governed by 
its utilitarian value. Sufficient detail as to form, shape, contours, special design features, 
etc., should appear to make the model readily distinguishable as representative of the actual 
equipment. Unless no other means of detailing are possible, no moving parts should be 
designed into the model. All points of control should be clearly indicated. Hazard areas 
should be clearly indicated. All normally moving parts should be shown in mid-point or 
neutral positions. Control or operating points should be in normal or neutral positions. 
Models should in no way be distorted from actual appearance of the equipment represented. 

12. Finishes. All models prepared for distribution commercially shall be finished with 
materials and in colors, duplicating as nearly as practical the finishes most frequently used 
in the object represented. Where there is a multiplicity of finishes normally used, models 
can be finished correspondingly. (Example, office furniture.) 

In the case of machine tools, the manufacturer's standard should be followed in so far as 
practical or the recommendations of the Machine Tool Builders Association. 

In the case of equipment having machined surfaces, these can be indicated with aluminum 
paint. 

Control points can be indicated by application of light-buff paint as recommended for 
two-tone painting of equipment for better visibility and safety. 

Where models are made and/or used exclusively by ohe company or client, their particular 
practice should be followed. 

13. Allowances and Clearances. No dimensions should be exaggerated in the model to 
allow for clearances. With each three-dimensional model shall be provided a two-dimensional 
template showing all clearances required under extreme operating and service conditions of 
the machine proper. The template shall not show requirements of operator, materials, 
auxiliaries not fixed to the machine, or other conditions not required in the basic machine or 
equipment. The template shall be imprinted with all pertinent information required by the 
planning engineer and shall include or provide for at least the following information: Name 
or description, model number, type, size, owner^s identification number, maximum clearance 
dimensions (length, width, height), center lines and weight. Where the template is too small 
practically to contain all the foregoing information, the name and model number only shall 
be provided. Where possible, data on overhead or underground requirements should be 
shown. 

Note: See Part i [of the Standard] covering plant layout templates. 

14. Materials and Construction. Models shall be made of any suitable material that will 
permit normal handling without distortion or damage to finish. It should resist fracture or 
spalling when coming in contact with other models or materials in general. It should resist 
breakage or distortion when dropped from a height of 2 ft onto a solid hard surface. Models 
should have sufficient weight and balance to remain in position when normally arranged and 
subject to slight jarring or vibrations. The base of the model should be so designed as to 
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pennit it to remain in a position once placed or to be fitted with pins to permit fastening 
in position. These are to be optional with the user. 

Where pins are used the template should be pierced with holes to allow the model to 
become accurately located in relation to the template and the entire assembly held in position 
on board by the pins fitted to the model base. 

16. Identification. Models shall bear the name and/or trademark of the equipment repre¬ 
sented. The model number or size description should also be included if possible. Abbrevia¬ 
tions or initials should be used where practical. The markings should be made in the most 
suitable place rather than attempting to place them in the same position as on the actual 
equipment. 

16. General. Models shall be so designed and constructed to permit them to be used in 
conjunction with standard templates designed to represent the same identical items of 
equipment. 

Discussions 

17. Scale. This scale has been standard for years among architects and engineers engaged 
in industrial-plant design, and the majority of existing records are at this scale. Experience 
has proved this scale to be sufficiently small to permit the layout of relatively large projects, 
yet adequately large to permit the study and arrangement without the danger of inaccuracy 
caused by too small a scale. For exceptionally large projects, the panel system of drawing 
now used by a number of companies provides the benefit of using this standard scale, without 
the need of resorting to unusually large drawings of inordinate dimensions. The models 
should be made to the same scale as drawing^ so that models can be directly superimposed 
on floor-plan drawings for the purpose of study and presentation. 

18. Detail. Distortion of models will lead to optical illusions and probable errors in study 
of arrangements. Clearances and other features necessary to consider will be discussed under 
Par. 20. Since models will be used to represent layouts to nontechnical personnel, as well 
as for engineering study, the final result should approach as nearly as possible a representation 
of the actual average conditions to be found in the completed project. 

19. Finishes. True representation can be best ac.hieved by an accurate duplication of 
conditions. Unless a standard of finish is followed as noted, models prepared or secured 
through several sources will not harmonize. 

20. Allowances and Clearances. Three-dimensional layouts have their primary value in 
engineering design study and presentation of the layout to nontechnical persons. They do 
not in themselves afford permanent records, nor can certain conditions of engineering sig¬ 
nificance be presented with models alone. Therefore the two-dimensional template used 
in conjunction with the three-dimensional model provides the greatest benefit of both means 
of plant-layout approach. When arrangement of a unit is determined, the placing of the 
template under the model provides the missing features and when fastened in position, it 
provides a permanent record of the selected arrangement. 

It can be then reproduced for i)ermanency by photography, or engineering drawing, and 
provides a means of transmitting the information to others. The models can then be re-used 
as desired. Templates can be furnished in any quantities for use with one model. 

Properly designed templates provide precalculated data vital to the engineer and which 
cannot be contained in a model. 

One engineering firm advanced this plan of approach and is developing the details. If 
meritorious, the plan may be extended commercially. 

21. Materials and Construction. Models must be reasonably durable to be of value. 
Tendency to slight this consideration will have a definite reaction toward their use. 

22. Identification. Markings, especially size or type description, are essential to prevent 
errors in preparing layouts. The probability of interest on the part of equipment suppliers 



SCALE MODELS FOR LAYOUT PROJECTS 101 

in furnishing models of their equipment also justifies correct identification for whatever 
advertising value it possesses. 

The six points which have been covered appear to be the basis on which standards for 
plant layout models can be formulated. It is (expected that further contributions will be 
made by equipment manufacturers, consulting engineers, and model builders, as well as 
those with user co-operation interests. 

3. SCALE MODELS FOR LAYOUT PROJECTS IN MINIATURE 
Limitations of Templates 

The marked improvement brought about in plant layout practice through the 
introduction of the two-dimensional template is attested by its widely accepted 
use today. Nevertheless, this template is still only an unrealistic medium of illus¬ 
tration used in drafting-board technique. A wide gap yet exists between what 
the template purports to represent on an engineering drawing and the image it 
actually brings up in the minds of top executives. This is particularly true of 
those executives who have not had the opportunity or inclination to acquire a 
thorough familiarity in reading blueprints. In mechanical drawing practice, the 
draftsman’s delineation inevitably fails to convey a realistic image of a machine 
or piece of equipment. The drawing can only show a fiat outline of the ma¬ 
chine or equipment. The massiveness, depth, height, and clearances of the ma¬ 
chine are perforce left to the imagination of the reader of the drawing. 

Degrees of Visualization 

Although one man’s eyes normally can view an object in real life as readily 
as another man’s eyes, barring differences in effectiveness of eyesight, the ‘‘mind’s 
eye” varies considerably in degree of imagination among different individuals. 
Architects and commercial artists, in recognition of this inequality among their 
clients and readers, have resorted to perspective drawings and diagrams in an 
attempt to convey a more realistic grasp of their designs. A plant layout pic¬ 
tured with two-dimensional templates varies in interpretation as does the one- 
plane presentation still sometimes used by architects and commercial artists. 

Varying Versions of Drawing Technique 

Another handicap confronting the reader of engineering drawings is the dif¬ 
ference in technique employed in different fields of engineering in preparing 
these drawings. It is not unusual for the engineers in one particular branch of 
engineering to find themselves hard put to decipher the drawings prepared by 
engineers in another branch. Is it any wonder that busy executives frequently 
have little patience in struggling with drawing technique that engineers them¬ 
selves have difficulty in understanding? 

Advent of Scale Models 

To overcome these limitations, plant layout engineers began developing minia¬ 
ture scale models of machinery and equipment about the time of the outbreak of 
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World War 11. Th6 early models were hand-carved out of wood, to the scale of 
% inch = 1 foot, and were both crude in design and expensive to produce. 

It was not long, however, before precision-scaled models cast in metal were 
introduced. A comparison of these two types of models for the same milling 
machine is made in Figure 44. The lower cost, greater accuracy, and stronger 
eye appeal of the cast-metal model promptly gained favor for it over the wooden 
model. Cast-metal models of most types of standard machinery and equipment, 
plus many types of special machinery, are now available on the market at 
advertised prices. The authors pioneered in the development of these scale 
models and standard templates. 



Fig. 44. Evolution oj acalc niodcis, Hanil-carvod wooden model, at left, compared with caHl- 
mctal model of the same machine, at right. 

With the introduction of these scale models, plant layouts at once assumed 
depth and reality nonexistent in the flat-template medium. Now, with scale 
models, it is possible to move tiny figures of men and machines around in minia¬ 
ture factories. Metal models, molded for permanency and accuracy, form a 
“bank” from which plant layout engineers may draw to plan their tiny industrial 
domains. In these banks is a supply of each type of machine and eciuipment 
used in the factory being laid out. The miniature machines and models of 
material-handling equipment are placed in the miniature plant and moved about 
like pawns on a chessboard. Preconstruction in miniature and rearrangement 
of existing plants are both equally served by these miniature models. In fact, 
no layout problem is too large or too small to be planned visually with scale 
models. 

National Standards for Models 

Sufficient detail is reproduced in the cast-metal model to make the represented 
machine easily recognizable as to type, size, and manufacturer. These models 
are usually scaled % inch to the foot and are designed in accordance with the 
national standards, shown in the table on pages 97-101, recommended by the 
American Society of Mechanical Engineers. 
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Template-Model Combinations 

Models alone are not sufficient for the plant layout engineer to design a proper 
layout. Since the layout must be converted eventually into an engineering 



Fig. 45. Template-model combination. Use of a two-dimensional template in combination 
with a three-dimensional model gives a full visualization of a turret lathe and all its clearances. 



Fig. 46. Three methods of presenting the same layout. On the table in the foreground is a 
template laydown which is duplicated by scale models arranged on the shelf behind. The 
same layout appears also in drawing form on the wall. {Courtesy of Westinghouse Electric 

Corporation, Pittsburgh.) 

drawing for record purposes, the model arrangement by itself leaves much detail 
work for the draftsman to do. A combination of two-dimensional templates and 
three-dimensional scale models, as shown in Figure 45, consolidates the best 
features of both media. Under this combination plan, the layout arrangement 
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is made with the models. To the base of these models are attached, with double- 
faced adhesive tape, the corresponding templates showing all clearances. When 
the desired layout arrangement has been achieved, the templates are affixed 
permanently on the layout, by means of staples or adhesive tape, and the models 
are removed for reuse on other projects. 



Fig. 47. A complete plant layout made mth three-dimenaional mde modeh, 14 inoh = 1 foot 
Checkerboard effect is from th(' roof trusses, as the view is taken looking down vertically 
through the open roof. Note the shadows created by the models, the alignment of the ma¬ 
chinery and equipment, conveyor structures, aisles, and open floor spaces. {Courtesy of 
Gaudreaii, Rimbach & Assoemtes, Pittsburgh.) 

The four planning media discussed in this chapter as being of general accept¬ 
ance consist, as we have seen, of: (1) block templates; (2) two-dimensional 
templates; (3) three-dimensional templates; and (4) template-model combina¬ 
tions. Block templates have been dismissed as having been largely replaced by 
the more dependable medium of two-dimensional templates. The template- 
model combination, on the other hand, represents a combined application of the 
second and third media. A comparison of the two-dimensional templates and 
the scale models is made in Figure 46, together with a layout drawing of 
the same project. The template laydown is on the table; the corresponding scale 
model appears on the shelf in the background; and the resulting drawing of this 
layout is seen spread out on the wall, just above the shelf. 
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Complete Layout with Models 

The marked effectiveness of scale models in developing plant layouts is illus¬ 
trated in Figure 47. Here, a complete layout is viewed looking down through 
the roof trusses. The layout shows railroad sidings, incoming materials, ma¬ 
chinery, equipment, and the building structure. 

Co-ordinate paper instead of architectural floor plan was used for the base. 
This substitution is optional. Co-ordinate paper facilitates the calculation of 
locations of equipment by means of the scaled, printed squares. Architectural 
floor plans, on the other hand, are more realistic in that they contain engineering 
information and thus save time in ultimately drafting the final plan. 

Developing a Layout with Models 

The four stages recommended in developing a plant layout by means of scale 
models and two-dimensional templates are illustrated in Figure 48. These stages 
are: 

1. Working tools. Blank floor plan, template sheets, and scale models are 
obtained for the layout. 

2. Realistic view. Models are placed on the floor plan to set up a preliminary 
arrangement of machinery, equipment, furniture, workers, etc. At this 
stage the layout can be viewed in three dimensions, and suggestions in¬ 
vited from interested parties. 

3. Template laydown. After the models have been placed in tentative posi¬ 
tions, corresponding templates are slipped under the scale models to show 
the necessary clearances and other pertinent engineering data, such as 
dimensions. 

4. Completed plan. When final arrangement has been decided upon, the 
models arc removed, and the templates are cemented on the floor plan 
ready to be photographed or traced on the final layout drawing. 

4. PROCEDURES FOR PREPARING A PLANT LAYOUT 
Output Capacity 

In making a layout with templates, models, or a combination of both media, it 
is necessary to provide sufficient output capacity at each work station to take 
care of the production traffic, without interrupting the flow of production with 
bottlenecks in some stations or building up overcapacity in others. The synchro¬ 
nization of work-station capacities is perhaps the most important function of 
plant layout work at this stage. The importance of this provision cannot be 
overemphasized. 

The proper type and quantity of machines, cranes, conveyors, elevators, work¬ 
benches, etc., called for in the productioii estimates, are all shown in the layout. 
These production estimates also form the basis for determining the amount of 
bin and storage capacities to provide for in dispatch stations and storerooms. 
Arrangements are made with the production department at this point to set up 
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lage 1, Working Lools. Blank floor plan, template she(‘ts, and scale models designed to ASME- 
rccommendcd standards are obtained for tlie layout. 



Stage 2. Realistic view. Models are placed on the floor plan to set up a preliminary arrangement of 
machinery, equipment, furniture, workers, etc. At this stage, the layout can be viewed in three dimen¬ 
sions, and suggestions invited from anyone concerned. 
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Singe S Tcmplnlr Jnyrhnni, After the modolfi have been placed in tentative positions, correspondin 
lemplates are slipped under the models to show the necessary clearances and other pertinent data, sue 

as dimensions. 



Stage 4- Completed plan. When the final arrangement has been decided upon, the models are removed, 
and the templates are cemented on the floor plan ready to be photographed or traced on the final layout 

drawing. 

Fig. 48. Four stages in developing a plant layout by means of models and templates. (Courtesy of Gau- 

dreau, Rimhach cfe Assodates, Pittsburgh.) 
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an adequate production-control system which will fit the layout. This system 
should also make possible the realization of the proper functioning of the layout 
when production actually flows through it. 

Flow of Production 

The templates or models are placed in operation sequence for a layout on a 
product basis, or in groups of like machines for a layout on an equipment basis, 
depending on the type of layout selected. 

The flow of production is traced through strategically located dispatch sta¬ 
tions, machining areas, assembly areas, stock storage, and shipping platforms. 
Aisle spaces, building dimensions, clearances, and facilities are determined on the 
plan before the layout is ready to be submitted for the approval of different 
members of management. 

Approval of Design 

This is also the point where meetings are held with the interested departments 
and sections to assure them that their requirements have l>een adecpiately pro¬ 
vided for. Complete approval of the general design sliould he obtained before 
turning the job over to the draftsmen. 

These meetings often involve contacts with outside su])pliers of machine tools, 
material-handling equipment, and other facilities called for in the layout. When 
all the ideas about the layout have been reconciled, or as nearly so as practical, 
the layout is released to draftsmen for recording on drawings. In all these con¬ 
siderations, it is inii)ortant to bear in mind that the greatest single item of manu¬ 
facturing cost, material handling, is at the root of all plant layout work and 
should be ever recognized as a major deciding factor in designing the plan. 

Converting Layouts into Floor Plans 

The layout is received in template or model form from the plant layout engi¬ 
neers ready to be approved and drawn up in final detail on regular i)lant layout 
drawings, such as the one illustrated in Figure 49. It may also be necessary for 
the draftsmen to prepare the drawings of production flow charts, area allocations, 
bin designs, storage-rack designs, and skid designs, as well as cross-sectional and 
detail sketches when required for a specific layout. 

The draftsmen also check the plant layout drawings with the dimensions used 
on the construction drawings which may be available at the time. It must be 
noted, however, that, since plant layout drawings must be drawn up in advance 
of construction drawings, the only construction drawings that may be available 
at this time are those prepared for former construction projects affecting the 
particular building involved in the present layout. 

Drafting Technique 

In making plant layout drawings, the draftsmen are guided by a code of 
standard instructions on drafting technique as regards the sizes of drawings, type 
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Fig. 49. Regular plant layout drawing prepared from template layout. 
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of notations, identifications, cross-references, legends, lettering, symbols, etc. 
Depending on the project, the draftsmen also incorporate in the floor plans of 
storerooms, tool cribs, and dispatch stations a complete numbering system for 
storage-bin compartments, floor storage areas, aisles, etc. They also identify 
each work station alphabetically or otherwise to permit cross-reference in sum¬ 
mary reports covering the project. 

Work Schedules 

In support of all plant layout drawings, material and work schedules are pre¬ 
pared and are either attached to or incorporated in the plant layout drawings. A 
specimen form used for this purpose is shown in Figure 33, entitled ‘^Equip¬ 
ment and Facilities Requirements.” Complete specifications are given for each 
item on this schedule form. Also accompanying the drawings are perspective 
views and wall charts as needed. 

Standard Data on Drawings 

Just what information should appear on a layout drawing has not yet been 
prescribed in the form of standard practice. Too much drawing and too many 
lines tend to complicate the drawing and confuse its interpreters. Insufficient 
detail, on the other hand, causes unnecessary lost time and errors in reading the 
drawing, and wasted time in “doctoring” it up later. The minimum data which 
every layout drawing should contain usually include the following 14 items: 

MINIMUM REGULAR DATA TO APPEAR ON ALL LAYOUT DRAWINGS 

1. Title and scale of the drawing. 

2. Sketch number. 

3. Approval space. 

4. Detail notations for use of plant engineer. 

5. Construction notations for architects and detail engineers. 

6. Notations on heating, lighting, ventilation, and communication facilities. 

7. Directional locations and orientation on plant site. 

8. Transportation and handling facilities. 

9. Overhead obstructions, and obstructions below floor levels where foundations or 
superstructures are necessary. 

10. Machine-tool and equipment identification numbers. 

11. Column numbers. 

12. Service outlets for gas, electricity, water, air, and other utilities. 

13. Fire protection and other safety apparatus notes. 

14. Signature and date. 

With this information appearing on a layout drawing, the drawing can be used 
as a dependable guide for building design and construction and for the installa¬ 
tion of machinery and equipment. 



PERSPECTIVE DRAWINGS AND MINIATURE PLANTS 


111 


5. PERSPECTIVE DRAWINGS AND MINIATURE PLANTS 

Perspective Drawings 

In presenting a layout for the purpose of, discussing arrangements with shop 
supervisors or with management executives, one of the most common and difficult 
problems is to convey a clear image of the project in the minds of all concerned, 
as previously pointed out. However masterful and accurate single-plane draw- 



Fin. 50. Perspective drawing of a proposed rolling mill for aluminum foil. {Courtesy of 
Westinghoiise Electric Corporation, Pittsburgh.) 


ings may be, they inevitaldy lack depth and height. Architects have succeeded 
in overcoming much of this shortcoming through the technique of perspective 
drawings. 

A drawing of this type used for a layout of an aluminum foil rolling mill is 
reproduced in Figure 50. It will be observed that the floors have depth and that 
the stories are identified by height. The prominence given to the shape and 
relative size of the machinery and equipment is worthy of especial note. One 
can perceive readily the continuous strip of aluminum foil actually traveling 
through the battery of five roll stands, from uncoiler to winding reel. 

Three-Dimensional Presentations 

The outstanding advantage that a perspective drawing possesses over a flat, 
one-plane, conventional layout drawing is the clear, three-dimensional image it 
presents to the observer. Many of the plants illustrated in trade magazines 
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and advertising literature are merely perspective drawings, and not photographs 
as might be supposed by some, notwithstanding their realistic appearance. The 
effect of reality thus obtained in publications of this type can be used to con¬ 
siderable advantage by the plant layout engineer in presenting a layout project. 

Cost of Sketches and Models 

The cost of producing a perspective drawing is usually much less than that 
of a miniature model of the layout. While not so flexible as the model for the 



Fic. 51, Mmiaturc ■plant. Application of three-dimensional scale model for the layout of an 
automatic molding and casting installation in a foundry. {Courtcfcf/ of Wpstinghoufic Electric 

Corporation, Pitlshurgh.) 


purpose of reshifting the arrangement during the development stage, the per¬ 
spective drawing nevertheless provides a realistic presentation of almost equal 
merit to that of the miniature model. This feature is of extreme importance in 
endeavoring to present a layout wherein the arrangement of the machinery and 
equipment is governed largely by the mechanical design of the process. Quite 
often rough-drawn three-dimensional sketches, similar to those employed in 
many war plants to train operators, are valuable aids for illustrating layout plans. 

Miniature Plants 

The medium generally considered and acclaimed as the best developed thus 
far for providing ready visualization of a layout project is the miniature plant. 
This is a three-dimensional model generally made to the scale of inch = 1 
foot. In Figure 51 is shown a miniature plant for the layout of an automatic 
molding and casting installation in a foundry. An attempt to make a plan view 
of this installation on an engineering drawing, for the purpose of providing a 
clear image of the project, would of necessity result in an unintelligible maze 
of intersecting lines. 
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For the project illustrated here, the model was actually used for planning and 
" installation purposes. The detail layout drawings were used only for the fabri¬ 
cation and erection of the equipment superstructure. In some industries, the 
complicated design of equipment often makes the plant layout drawing confusing 
even to the draftsman who prepared it. This is notably true of foundries, dis¬ 
tillation plants, refineries, and chemical plants. For these industries, models are 
exceptionally helpful in plant layout work. 



Fid. 52. Atomic power plant of the future conceived by the Kellex Corporation, New York, 
subsidiary of the M. W. Kellogg Company, Jersey City, engineers of the K-25 plant at Oak 
Ridge, Tenn., for the production of U-235 for the atom bomb. The miniature display pictured 
above was throe months in the making. In the foreground is the Nuen (Nuclear Energy) Re¬ 
actor, or pile building, with the processing structure behind it and the power unit in the back¬ 
ground. A laboratory is shown in the right foreground, and the manufacturing plant is at the 
extreme right in the background. {By permisfiion of the Atomic Energy Commiasion.) 


Multiple-Building Models 

For a plant consisting of several detached buildings, the three-dimensional 
miniature model provides a bird^s-eye view of the entire plant premises such as 
could not be approached, even remotely, on flat drawings. The model shows the 
structural design of the entire group of buildings, as illustrated in Figure 52 for 
an atomic power plant of the future. The building models are grouped into a 
miniature display clearly revealing the relative height, depth, and interbuilding 
spacing for the entire plant premises. 
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CHAPTER VII 

Framework of Plant Layout Procedure 


Objectives of Plant Layout Engineering 

Plant layout engineering, as the name implies, is the scientific planning, de¬ 
signing, and installing of plant facilities. This description applies equally to the 
arrangement of new plants and the rearrangement of existing establishments. 
In more specific terms, plant layout engineering consists of placing the right 
equipment in the proper place, to permit the processing of a product or part in 
the most efficient manner, through the shortest distance of travel, and in the 
quickest time attainable. Without a thorough, preparatory analysis and study 
of the various factors giving rise to the need for a plant layout, the conditions 
set forth in the objectives of plant layout engineering would fall short of realiza¬ 
tion, except perhaps in extremely simple cases, such as relocating a small work 
bench. 

Although plant layout engineering is relatively new as a science and its accept¬ 
ance as a vital tool of management has been heretofore confined to the more pro¬ 
gressive enterprises, its basic principles arc over 160 years old. The teclmique 
of planning floor layouts dates back to colonial days when grist-mill machinery 
was largely built in as a part of the plant structure and was linked from floor to 
floor by common transmission belts (see Figure 6). 

Practical Aspects of Layout Work 

The preliminary steps leading to the justification for the effort and cost of 
developing a plant layout were considered in Part 1. The practical aspects of 
plant layout engineering are taken up in Part 2 for processing departments, and 
in Part 3 for service departments. 

The material contained in Parts 2 and 3 of this book is made up of accepted 
standard practices tested in the engineering departments of leading American 
industries of varying sizes and types. Many new developments in plant layout 
were put into practice in war industries during World War II, and new approaches 
will no doubt be discovered during the next several decades, so long as plant re¬ 
habilitation remains a country-wide endeavor. This book attempts to bring to¬ 
gether the proved best practices of today. 
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1 . SOURCES AND FLOW OF FUNDAMENTAL LAYOUT DATA 

Eight Categories of Plant Layout Data 

In formulating tentative layout plans, the niaze of technical, performance, and 
cost data that must be assembled, analyzed, and reconciled was discussed briefly 
in Chapter IV. The full scope of this information may be classified into the 
following eight major categories: 

A. Intangible factors of marketing aspects and production forecasts. 

B. Production data on component parts, operations, and machine loads. 

C. Existing field data on buildings, grounds, services, and utilities. 

D. Layouts of existing production facilities, services, and utilities. 

E. Flow charts of existing and proposed manufacturing methods. 

F. Actual template layouts and operating costs of tentative plans. 

G. Cost information in the form of statements, records, and ledgers. 

H. Financial factors studied in selecting one of several proposals. 

Flow of Plant Layout Data 

The sources, sequence, and interrelationship of these eight major classes of 
fundamental layout data are graphically summarized in the flow chart in Figure 
53. The intangible factors provide the production forecast which forms the basis 
for determining the production data needed in drawing up the flow charts for the 
contemplated volume of production. While this information is being compiled in 
the production engineering department, the plant engineering department is pre¬ 
paring the existing field data required as the basis for preparing the layouts of 
existing production facilities in the case of plant rearrangement or additions. 

By combining these five classes of data on flow charts, an area allocation dia¬ 
gram can be developed as the basis for setting up the actual template layouts of 
tentative plans that suggest themselves during these preliminary stages of 
analysis and summation. At this point, the cost information obtained from the 
accounting department is applied to arrive at fully appraised proposals in terms 
of the financial factors to be considered by the general administrative department. 

Selection of the Best Plan for Development 

After rough preliminary estimates for a number of alternative layout plans 
and a careful survey of the statistical records discussed in Chapter IV have 
justified the development of tentative layout plans for further consideration, the 
actual work of fully exploring the possibilities of the tentative project is under¬ 
taken on a planned basis. The more exhaustive data, forms, plans, charts, 
sketches, drawings, and specifications itemized in Figure 53 are gathered from 
the indicated sources simultaneously and are resolved into a number of final 
proposals from which the management selects one layout plan for execution. 

It is not until this stage has been reached that management can properly decide 
on one of the several plans presented. Furthermore, it is not until a specific plan 
r has been finally selected that the execution of actual layout work can begin. The 
remaining pages in this chapter are devoted to the procedure for gathering the 
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basic layout data and for designing and appraising the tentative plans preceding 
the actual development of the selected layout plan. The actual development of . 
the particular layout plan selected from these preliminary alternatives forms the 
contents of the remaining chapters in this book. 

Intangible Factors of Marketing 

The treatment of the intangible factors of marketing aspects and production 
forecasts has been covered in Chapter IV, “Basis for Designing a Plant Layout.” 
The future behavior of the market, the technological developments to anticipate, 
and the changes in product design to take into consideration are matters that a 
company faces continually. The proper measurement of these factors determines 
for years to come the degree of success to be attained from a contemplated 
change in plant layout. 



Fig. 54. Representative data forms frequently used by plant layout engineers in gathering 
production information from the production engineering department. These forms are 
described fully in Figures 65, 66, and 68. 


2. PRODUCTION DATA ON PARTS, OPERATIONS, AND MACHINES 
Production Analysis 

Before a layout of production facilities can be started, a thorough production 
analysis must be made to determine manufacturing requirements. To make this 
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analysis, the operations must be known in their proper sequence, on each type 
of production facility and for each kind of product to be manufactured. 

Production Forms 

The three types of forms found generally' suitable for gathering- the production 
data needed for a plant layout are illustrated in Figure 54. Some layout projects, 
because of their scope, require the use of all three of these forms, whereas only one 
or two may be needed to compile the production data needed on some of the 
simpler projects. All this information is recorded for future reference in a data 
book which becomes a permanent record of the project. 

Production Data 

The seven basic steps through which the production data for an entire plant 
are gathered for adaptation to a layout project are essentially the same for most 
types of plants. (See Section B in Figure 53.) 

Questions to Be Answered 

In gathering the production data, the plant layout engineer consults with 
managers, design engineers, supervisors, manufacturing engineers, foremen, time- 
study men, etc., with a view to securing answers to sueh questions as: 

1. What are the products? 

2. Are any design changes contemplated? 

3. What is the rate of the present production? 

4. What production output is wanted? 

5. How long will the activity last? 

6. How much flexibility should the layout have? 

3. EXISTING FIELD DATA ON BUILDINGS, GROUNDS, AND SERVICES 

AMiile production data are being compiled from production engineering depart¬ 
ment records, fleld data on existing buildings and grounds, together with service 
department facilities and plant utilities, are secured from the plant engineering 
department. 

Layout of Plant Site 

A small-scale layout of the entire site is made for the purpose of working out 
a general flow of materials between departments. On this plan are shown all 
shops and departments, with the amount of floor area occupied by each. Figure 
55 illustrates a skeleton floor plan, 1 inch = 40 feet, of a machining and as¬ 
sembly plant. (See also Figure 59.) 

An actual site inspection is made to determine if the utilities are located 
exactly as shown on the drawings. It is a source of no little embarrassment to 
locate an outbuilding on a plot plan, only to find out later that the foundation 
of this building falls directly over a . main sewer line or interferes with other 
existing structures. 
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Checking Building Dimensions 

If detail plans of the building structure are not available, it is necessary to 
make measured drawings of these buildings and show thereon all existing services 
and utilities. These drawings do not contain machine tools or manufacturing 
equipment. Building dimensions on architects^ drawings must be checked care¬ 
fully because all dimensions on drawings are seldom correct unless verified in 
the field after construction. Likewise, every building detail, such as columns, 
windows, and doors, must be checked against the drawings for actual location 
and size. 

Building heights must be checked accurately to provide assurance that trusses 
and girders will clear all contemplated traffic and working equipment. The 
strength of the building trusses must also he ascertained in order to know exactly 
where monorails or cranes may be installed. Floor construction, allowable fioor 
loading, pits, and machine foundations are also matters to ascertain at the out¬ 
set. To insure access from one building to another, main traffic aisles are laid 
out before actual layout work is begun, as it is much more difficult to place the 
aisles later. 

Another point to ascertain at the staid is whether the utilities are to be broughi 
in overhead or under the fioor. 

Master Plans of the Building 

After the building floor plans have been completed and checked for dimensions 
and building detail, and all service facilities and plant utilities have been fully 
incorporated on the drawings, the plans arc drawn in ink on tracing cloth to a 
scale of ^ inch = 1 foot. These tracings become a permanent record of the 
building apart from the drawings subsequently made of the layout. All layout 
drafting is done on reproductions of these master plans of the building. 

4. LAYOUTS OF EXISTING PRODUCTION FACILITIES AND 

SERVICES 

In laying out existing production facilities, work stations, and operations, the 
various drawings prepared from the data on existing machinery, equipment, and 
operations are enumerated in Figure 53, Section D. 

Accuracy of Data on Existing Layout 

Layouts of existing production facilities record all machine tools and auxiliary 
equipment as they exist before any changes are made for the new layout. These 
layouts enable the plant layout engineer to analyze the existing flow of produc¬ 
tion and help him determine where improvements are to be made. Later, when 
the new layout is completed, comparisons between the old layout and the new 
layout can readily be made to point out the advantages of the new layout. The 
importance of the accuracy of this record becomes apparent when it is realized 
that much of the success in designing the new layout depends on the accuracy of 
the data shown on drawings of the existing layout. 
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Fig. 56. Workstation layout for single units of machinery and equipment involved in the new plant layout project. 
This layout allows for the travel area of all moving parts of each machine and for auxiliary equipment used at the work 

station. 
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Fig. 57. F/oir and ficquencc uj all operations for a part. This analysis also shows the time 
and distance between each element Statistic.'!, for this flow are obtained from form in 

Fipjure 75. 


5. FLOW CHARTS OF EXISTING AND PROPOSED MANUFACTUR¬ 
ING METHODS 

General Review of Existing Conditions 

The data gathered thus far may be summarized under four mam headings: 

A. Intangible factors of marketing aspects. 

B. Production data on existing facilities. 

C. Existing field data on buildings and grounds. 

D. Layouts of existing production facilities. 

Aside from the production forecast, which has not yet been used, all the data 
gathered and analyzed down to this point consist of a general review of existing 
conditions. Or, in other words, no information has been added beyond what 
already exists in actuality. No attempt has been made yet to peer into the pos¬ 
sible benefits of, or the requirements for, a new layout. 

In the step about to be discussed, namely, the development of flow charts of 
existing methods, suggestions are given for improvement in existing methods. 
This opens the door to the possibilities of a new plant layout. In loading the ' 
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Fig. 58. Production flow chart of materials, through machines, by operations, to manufacture 
a 60-watt incandescent lamp. (Courtesy of Westin(/housp Electric Corporation, Pittsburgh.) 


Crucial Stage in Plant Layout Development 

The arrangement of existing facilities to best suit contemplated production re¬ 
quirements, and the selection and strategic arrangement of any additional pro- 
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duction facilities to fully meet these requirements, strike at the very core of 
plant layout engineering. It is at this stage of plant layout work that practical 
experience and sound judgment in plant layout engineering reach their most 
crucial stage. The decisions and recommendations the plant layout engineer is 
called upon to make determine for years to come tlie production eflSciency in¬ 
herent to the tentative layout plan later selected for execution. 

Development of Flow Charts 

A synopsis of the use made of existing and projected data in developing flow 
charts is given in Figure 53. The technique employed in the actual development 
of these charts is described at length in Chapters VIII and IX of this book. 



Fig. 59. Area allocation diagram. Schematic plan of preliminary area allocation and product 
flow through the plant is in\'aluable in determining the logical relationship of departments 
and the flow of materials and product through them. This chart serves as a nucleus around 
which the preliminary template layouts can be made. 


Layout Factors Determined from Flow Charts 

By means of colored strings or lines on production flow charts, actual product 
travel can be shown and measured for tabulation. Distances traveled on the 
new layout can be compared to the same travel on the existing layout, and defi¬ 
nite savings can be determined. Other layout factors developed as the plan 
progresses include material-handling equipment, aisle spaces, dispatch areas, 
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raw-material space, matching centers, service centers, shop offices, and provisions 
for expansion. 

6. ACTUAL TEMPLATE LAYOUTS AND OPERATING COSTS OF 

TENTATIVE PLANS 


Preliminary New Layout 

When all the preliminary steps outlined prior to this stage have been taken 
and a course of action has been fairly well determined, the first actual template 
may now be started for the project. In proceeding with the new layout, the plant 
layout engineer follows the plan outlined in Figure 53, Section F. 

After the placing of the templates of the layout in what appears to be the best 
possible arrangement to meet the requirements of the data compiled for the proj¬ 
ect, this preliminary layout is carefully analyzed for possible improvements. 
The improvements finally decided upon are incorporated into the layout before 
drawings of the layout are made. 

Equipment and Facilities Requirement Schedule 

To simplify the task of the construction estimators and of the installers of the 
new layout, the plant layout engineer also prepares a form known as an equip¬ 
ment and facilities requirement schedule, such as illustrated in Figure 33. This 
schedule lists in columnar form each item shown on the detailed drawings and 
specifies all the information on facilities required to complete the installation for 
each item. Use of this schedule not only minimizes the possibility of error or 
oversight in actual installation but also saves much time and effort during in¬ 
stallation. The schedule also permits the construction estimator to figure the 
cost of such items as power loads and service facilities. 

Selection of the Best Layout Plan 

The best layout for a project is ultimately gauged on the operating economy 
it provides as against the amount of initial investment required. Other limiting 
factors entering into the selection of the best plan out of several possibilities are: 

а. The physical limits of the site. 

б. The aim to provide adequate facilities to produce all the desired output 
and to do so with the least amount of material-handling and processing 
costs. 

c. Generous provision for future expansion. 

d. Flexibility of layout design which will lend itself to frequent rearrange¬ 
ment as future necessity may demand. 

c. The highest amount of immediate and potential net profit from the busi¬ 
ness while the cost of installing the project is being absorbed. 

/. The permanency of the installation. 

The layout that may be ideal from the factory standpoint is often abandoned 
when it is found to fall short of one or more of these broad factors. 
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7. COST INFORMATION AND FINANCIAL FACTORS FOR EACH 

PROPOSAL 

Objectives of the Layout 

The final decision in the selection of a layout proposal out of a number of 
alternative plans cannot be made on a sound basis without first studying the 
costs, operating as well as construction, of the layout, nor without making a 
comparison of the net profits accruing from each plan. For, in the final analysis, 
the company is in business primarily to make money, and it is the return on the 
projected investment which will determine the justification for the layout. The 
relative savings and net profit under each plan will also influence the decision as 
to the type of layout which will be most suitable from both a financial and an 
operation standpoint. 

In situations where the motivating objective of the new layout is to imi>rovc 
present manufacturing activities rather than to provide for an expansion in out- 
jmt, the proposed project must yield enough savings to pay for the cost of instal¬ 
lation, including obsolescence on existing machinery and equipment which may 
he retired, within a period not usually exceeding tliree years, depending upon the 
size,of the installation. Projects involving the expenditure of considerable sums 
of money are normally allowed a longer amortization period than tliose of small 
commitment. The practice in most progressive companies is not to wait until a 
major investment is involved before modernizing a layout, but to keep abreast of 
latest improvements by rearranging the layout more frequently, and on a basis 
of self-amortization within a period varying from one to two years, depending 
upon the degree of competition existing within the particular industry of which 
the company is a member. 

Approach to Final Appraisal 

The approach to the financial appraisal of a proposed layout is summarized in 
Figure 53, under G, Cost Information, and H, Financial Factors. 

Actual Plans for a Foundry 

An illustration of an actual development of six alternative plans in a foundry 
to provide added plant capacity for a forecasted increase in sales volume is 
shown in Figure 60. The six plans proceed progressively from an investment of 
$711,270 to rehabilitate existing facilities up to an investment of over ten times 
that amount to construct a new plant. The resulting net profit for the first five 
years under each of the first five plans increases progressively from 8.2% up to 
38.7% before considering the erection of a new foundry. A point to note in 
particular is that the resulting net profit under plans 3, 4, and 5 increases gradu¬ 
ally from year to year, and that the ultimate measure of net profit on all plans 
is not soundly comparable until it has been applied to the accumulated volume 
of sales for the first five years of operation. 
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NAMELESS FOUNDRY COMPANY INVESTMENT AND PROFIT PLANS TO 
PROVIDE PLANT CAPACITY FOR FORECASTED VOLUME 

NORMAL PLAN 1 PLAN 2 PLAN 3 PLAN 4 PLAN 6 PLAN « 

Normal Minimum To Remove To Increase To Increase To Carry To Build 

Year with Inevitable Present Production Extra Heavy Out Plan 4 an Entire 

Present Rehabilita- Overload Volume of Castings and and Extend New Plant 

Lines of tion (Deferred from Heavy Extra Heavy Add Forged Plant into and Sell the 
DESCRIPTION Products Maintenance) Castings Castings Units Larger Area Existing (^e 


A. NEW CAPITAL INVESTMENT UNDER EACH PLAN 

ItKMODEL EXISTING PLANT 


New foundry building 

New service building 

New lUO-ton cranes 

Extend 3 buildings 

New forge shop 

Acquire land for future expansion 


$536,920 

174,350 

$536,920 

174,350 

310,200 

$536,920 

174,350 

310,200 

456,720 

$536,920 

174,350 

310,200 

456,720 

623.700 

$536,920 

174,350 

310,200 

456,720 

623,700 

200,000 


BLILD ENTIRE NEW PLANT 








Bell existing land and buildings 
and write off unrealizable net 
book value 

Acquire land, construct buildings, 
and replace immobile equiii- 
ment 







$2,039,782 

5,751,854 

Total investment under each 
plan 


$711,270 

$1,021,470 

$1,478,190 

$2,101,890 

$2,301,890 

$7,791,636 


B AMOUNT OF NET PROFIT UNDER EACH PLAN 





First Y&ar 





Net sales 

1 8,148,140 

S 8,148,146 

$ 8,148,146 

$10,450,706 

$12,086,706 

$12,086,706 

$12,086,706 

(.ost of sales 

Deductions from gross profit 

Moving expense, etc , in first year 

6,650,992 

775,934 

6,650,992 

799,232 

128,800 

6,650,992 

811,320 

136,800 

7.664.074 

824.646 

260,400 

7.925,136 

848,554 

260,400 

7.925.136 

857,594 

260,400 


Net profit, amount 
percent 

721,220 

8.9 

569.122 

7.0 

549,034 

6.7 

1,701,586 

16.3 

3,052,616 

25.2 

3,043.576 

25.2 




Second Year 





Net sales 

$ 8,148,146 

$ 8,148,146 

$ 8,148,146 

$10,834,466 

$14,106,466 

$14,106,466 

$14,106,466 

(^st of sales 

Deductions from gross profit 

6,650,992 

775,934 

6,650.962 

796,232 

6,650,992 

811,320 

7,812,414 

828,646 

8,256,750 

856,554 

8,256,750 

865,594 


Net profit, amount 
percent 

721,220 

8.9 

697,922 

8.6 

685,834 

8.4 

2,193,406 

21.9 

4,993,162 

35.4 

4,984,122 

35.3 





Third Year 





Net sales 

$ 8,148,146 

$ 8,148,146 

$ 8,148,146 

$11,218,226 

$16,126,226 

$16,126,326 

$16,126,226 

(^ost of sales 

Deductions from gross profit 

6,650,992 

775,934 

6.650.992 

796,232 

6.650,992 

811,320 

7,960,754 

832,646 

8,588,364 

864,554 

8,588.364 

873,594 


Net profit, amount 

Iieroent 

721,220 

89 

697,922 

86 

685,834 

8.4 

2,424,826 

21.6 

6,673,308 

41.4 

6,664,268 

41.3 




Fourth Year 





Net sales 

$ 8,148,146 

$ 8,148,146 

$ 8,148,146 

$11,601,986 

$17,327,986 

$17,327,986 

$17,327,986 

(yost of sales 

Deductions from gross profit 

6,650,992 

775,934 

6.650,992 

799.232 

6,650,992 

811,320 

8,100,094 

836,646 

8,919,982 

872,554 

8,919,982 

881,594 


Net profit, amount 
percent 

721,220 

8.9 

697,922 

8.6 

685,834 

8.4 

2,656.246 

22.9 

7,535,450 

43.5 

7,526,410 

43.4 




Fifth Year 





Net sales 

$ 8,148.146 

$ 8,148,146 

$ 8,148,146 

$11,985,746 

$17,711,746 

$17,711,746 

$17,711,746- 

Cost of sales 

Deductions from gross profit 

6,650,992 

775,934 

6,650.992 

799.232 

6,650.992 

811,320 

8,257,434 

840,646 

9,068,322 

880,554 

9,068,322 

889,594 


Net profit, amount 
percent 

721,220 

8.9 

697,922 

8.6 

685,834 

8.4 

2,887,666 

24.1 

7.762.870 

43.8 

7,753,830 

43.8 




Total Rve Years 





Net sales 

$40,740,730 

$40,740,730 

$40,740,730 

$56,091,130 

$77,359,130 

$77,350,130 

$77,359,130 

Cost of sales 

Deductions from gross profit 

33,254,960 

3,879,670 

33,254,900 

4,124,960 

33.254,960 

4,193,400 

39,803,770 

4,423,630 

42,758,554 

4,583,170 

42,758,554 

4,628,370 


Net profit, amount 
percent 

3.606,100 

8.9 

3,360,810 

8.2 

3,292.370 

8.1 

11,863,730 

21.2 

30,017.406 

38.8 

29,972,206 

38.7 



Six progressive financial alternatives in re-arranmng a foundry to meet projected sales requirements. Note that new investment 
for expansion in plans 3, 4, and 5 consists largely of inevitable rehabilitation required in plans 1 and 2 to continue current volume. Com* 
pare total 5-year net profit at foot of table with investment requirement in top section. Using plan 3 as an example, by investing $1,478,190 
in remodeling the existing plant, the net profit for 5 years amounts to $11,863,730 as against $3,606,100 under existing conditions. This 
amounts to collecting $8,257,630 over 5 years for investing $1,478,190. 

Fio. 80. 
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The Profit Incentive of a Plan 

The financial principles involved in this particular case apply with equal im¬ 
pact to either smaller or larger plants. The profit incentive remains the dominant 
factor in most industrial enterprises, and the return on the investor’s dollar rec¬ 
ognizes no size in the establishment. The determining factors from the investor’s 
viewpoint, or from the viewpoint of the man who has the final jurisdiction over 
the authorization of the layout project, may be summed up as; 

1. The stability and dependability of (he market for the output of the plant. 

2. The reality and amount of the resulting net profit obtainable from the 
project. 

3. The ability of the company to finance the undertaking without jeopardiz¬ 
ing its financial structure. 

When these three factors have been properly analyzed and appraised, and the 
indicated savings and net profit substantiated as being safely within the range 
of achievement, little if any difficulty should stand in the way of securing ap¬ 
proval to execute the plan, even though the company may have to borrow the 
funds needed to finance the project. 



CHAPTER VIII 


Determining the Capacities 
for the Design 

1. DURATION AND PRECISION OF A PLANT LAYOUT DESIGN 
Probable Duration of a Product 

The life of a product design is not ordinarily a matter of someone’s guess. 
Careful market research, knowledge of product-design trends, familiarity with 
fundamental research development in new materials and scientific discoveries, 
interpretation of consumer preferences, price and market surveys, profit margins, 
and competitors’ activities, plus a modicum of plain, common horse sense, have 
much to do with estimating the probable economic life of a product design. Only 
too often, major decisions concerning the probable duration of a design are 
reached as the result of 5-minute round-table discussions of trivial details instead 
of data based on factual information. When genuine scientific research into the 
economic expectancy of the duration of a market demand for a product design is 
expertly conducted, the product is often redesigned, or even discarded completely, 
long before intolerable losses are suffered from the installation of an unjusti¬ 
fiable but commandeered plant layout revised to accommodate the fantastic 
claims of a new product design. 

Normal Life of a Plant Layout 

The experience of countless intermittent manufacturing establishments in the 
metal-trades industries is that 3 years is the normal life of a departmental layout 
design. During this 3-year interval, enough technological advances normally 
occur in manufacturing methods and product design to warrant a restudy of the 
plant layout design. A change in layout design may be made mandatory at that 
time as the result of changes in market demands; improvements in product de¬ 
sign ; redesign of product imposed by the necessity to reduce costs; the introduc¬ 
tion of new materials, new manufacturing methods or new production equipment; 
changes in labor relations; or the need of plant rehabilitation to keep abreast of 
progress in modern factory methods. 

Insuring a Layout Against Failure 

Without doubt, the principal cause of failure of plant layout plans to yield the 
expected results is the inadequacy of the fundamental data. A plant layout can 
be, and should be, designed with the same degree of accuracy as a machine or a 
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building structure. Definite engineering principles and factual data basically 
govern the design of electrical or mechanical apparatus and building construction. 
Similar, although perhaps more rigid, specifications should surround and deter¬ 
mine the efficiency of a plant-layout design. Ignorance of these laws, principles, 
and recognized fundamentals of plant layout engineering inevitably leads only 
to makeshift and inefficient layout designs which result in endless excessive operat¬ 
ing costs, if not in the outright but often unjustifiable “throwing out” of a good 



Fig. 61. Variety of sizes. Careful consideration has to be given to the variety of sizes ol 
a product in determining the projected output. Otherwise the proci'ssing and handling of 
the product may gravitate to the manual methods indicated here for storing motor stators. 


line of products. See Figures 61 and 62 for an illustration of tailoring the layout 
to fit the problem. 

Primary Objectives of a New Layout 

The first step in the preparation of analytical data for the determination of 
the capacity for a layout design is the calculation of the output capacity. At 
this point, however, it is assumed that the preliminary steps to ascertain the 
need of a layout, as described in Chapters II and IV, have already been taken, 
and that a decision has been reached to justify the work entailed in designing a 
layout. In selecting and analyzing supporting data for a plant layout a simple 
but effective rule-of-thumb for the engineer is the answer to such basic questions 
as: What? Why? Where? When? and How Many? 
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1. What? Nature of the product. 

2. Why? Purpose of the layout, 

3. Where? Plant site, location, or existing department. 



Fig. 62. Layout design tailored to suit. When all underlying factors of a layout project are 
supported by facts, the layout design, together with the material-handling methods, can be 
tailored to fit, the problem. Suitable racks were provided in this case to permit the handling 

of the stators in ‘^unit loads.” 


4. When? Manufacturing program and cycle. 

5. How many? Quantity to be made and rate of production. 

The present chapter deals entirely with questions 1 and 5. The other questions 
are analyzed in subsequent chapters. 
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Fig. 63. Operation routing. Net allowed hours of C 3 "cle time per unit of product, obtained from the operation laj^out file or from shop 

order masters and prepared the time-study department. 
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2. DETERMINING THE PROJECTED OUTPUT CAPACITY 

Factors Affecting the Manufacture of the Product 

Before attempting to determine the quantity to be made and the rate of pro¬ 
duction, careful consideration has to be given to the nature of the product itself, 
its design, its variety of styles and sizes, its dimensional accuracy and finish re¬ 
quirements, the manufacturing methods that may be used, the standardization 
possibilities of the product, the life of the product design, and other tangible and 
intangible factors affecting the very manufacture of the product. Any one, or a 
combination, of these factors may exert a marked infiuence on the plant layout 
design. For example, a product design involving grey-iron castings, as against 
a design made from zinc die casting, may render a thoroughly efficient plant lay¬ 
out completely obsolete if competition has sold the market on zinc die castings. 

Since the quantities of the product to be manufactured basically determine the 
output capacity of the plant layout, every factor influencing these quantities has 
to be analyzed factually if the layout is to be designed accurately. A mere opinion 
that 'Ve can sell a million a year” is plainly not the starting point of a plant 
layout project. 

Forms Used for Determining Output Capacity Requirements 

The data requirements vary greatly from project to project. For this reason, 
no fixed pattern or flow of data can be established as a standard. Several types 
of forms are used at various times and in various sequence on different projects. 
The sequence of the 10 representative forms enumerated below in no way rep¬ 
resents a customary sequence. Only on rare occasions are all these forms used, 
and perhaps in no two cases are they used in the same order. 

PLANT LAYOUT FORMS 

(Specimen set of 10 representative office forms used for determining capacity requirements 

for a plant layout project.) 

1. Product load analysis (Figure 64). To list the ‘‘proposed annual activity” of each 
finished product to be made in the new layout. This yearly production quantity 
forms the basis for determining the monthly activity of component parts on the 
form for component part analysis (Figure 65). 

2. Component part analysis (Figure 65). One form for each finished product listed 
on the form on product load analysis (Figure 64). Breakdown of a finished product 
into its component parts. The monthly activity of these component parts forms 
the basis for preparing the form on manufacturing layout data (Figure 68). 

3. Manufacturing layout data (Figure 68). One form for each component part listed 
on the form on component part analysis (Figure 65). Process routing of a component 
part into its sequence of machine operations. The monthly load of these separate 
operations forms the basis for the final selection of the most suitable manufacturing 
methods and machines and for the compilation of the form on machine load data 
(Figure 66) and the form on manufacturing layout and estimate (Figure 70). 

4. Machine load data (Figure 66). One form for each machine appearing on the forms 
on manufacturing layout data (Figure 68). Recapitulation of the monthly load of 
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all operations routed to a machine. The total monthly load for a type of machine 
forms the basis for determining the number of this type of machine required for the 
plant layout project. 

5. Machine-tool layout infonnation (Figure 32). One form for each machine tool 
involved in the particular plant layout project. This two-sided card is prepared 
for proposed, as well as for existing, types of machine tools. When filed by tool 
tag number or plant location, these cards lend themselves to quick reference. This 
file also obviates the necessity of making physical checks on the premises whenever 
the need arises for basic data on operating units. This information is summarized 
on the form on equipment and facilities requirements (Figure 33) for specific layouts. 

6. Operation Analysis (Figure 57). One form for each principal component part listed 
on the form on component part analjrsis (Figure 65). The flow and sequence of all 
operations (OP), transports (T), temporary storages (TS), inspections (INS), perma¬ 
nent storages (PS), and foreign elements (F) are given for the part. For each of 
these operation elements, the analysis also shows the time and distance between 
each element. The worksheet on which the statistics are gathered for drawing uj3 
this operation analysis is illustrated on the form work sheet for operation and flow 
process charts (Figure 75). 

7. Manufacturing layout and estimate (Figure 70). One or more forms for eac^h 
product. The component parts of the product arc listed separately on this form. 
Each operation for a component part is shown on an individual line across the entire 
form. The information for each operation is taken from the form on manufacturing 
layout data (Figure 68) on which preliminary estimates were made. The recapitula¬ 
tion made on the form in Figure 70 is for the purpose of evaluating the operating 
cost and investment cost of the particular manufacturing method selected. 

8. Plant layout comparison sheet (Figure 67). One or more forms for each finished 
product. The component parts of the product are listed separately on this form. 
For each part only one line is used to describe the manufacturing method. On 
that one line are shown the total time values and costs for all operations as sum¬ 
marized on the form on manufacturing layout and estimate (Figure 70). For each 
part listed, the time allowance and distance traveled under the new method are 
compared with those under the existing method or with those of alternate proposed 
plans. This comparison provides a measure of the results obtainable from the 
changeover. 

9. Equipment and facilities requirements (Figure 33). One line for each unit of ma¬ 
chinery and equipment. This information is summarized from the detail form on 
machine-tool layout information (Figure 32). The form of Figure 33 eliminates 
the need of cluttering up plant layout drawings with numerous notations on ma¬ 
chinery and equipment. This form supports the plant layout drawing. It serves 
the multifold purpose of summary sheet, bill of material, and simplified specification 
sheet on machinery and equipment. 

10. Work-station layout (Figures 56 and 78). Prepared as required, for single units of 
existing machinery and equipment. This layout allows for the travel area of all 
moving parts of each machine and for auxiliary equipment used at the work station. 
Work-station layouts are also prepared for all additional machinery and equipment 
required for the projected output. 

Number of Forms Used 

On some projects, particularly of a simple revision nature, it is entirely possible 
that none of these forms may apply, and that special ones may have to be de- 
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signed. By and large, however, the average project calls for most of these 10 
^ forms. Through the use of such forms, the results sought in a plant layout are 
achieved more expeditiously and dependably than otherwise. 

This collection of forms (available from the authors) provides virtually all the 
essential data necessary to prepare layout plans for any type or size of project, 
from a single work station up to and including a complete new plant. The pur¬ 
pose of illustrating these forms is to display the type of information that will 
enable plant layout engineers to revise, develop, and design plant layouts in the 
most effective manner. In the legends of the figures referred to above, each of 
these forms is described as it applies to the development of a plant layout project. 

3. BASIC FACTORS UNDERLYING THE OUTPUT CAPACITY DATA 

/ From a broad viewpoint, the basic factors to be carefully scrutinized in com¬ 
piling the output capacity of a plant layout project, whether for a revised layout 
or for a new undertaking, are listed as follows in the order of their importance: 
(1) market research; (2) economic quantities to be produced; (3) obsolescence 
of the product design; (4) cost of production; (5) quality control; (6) capital 
investment for plant facilities. 

1. Market Research 

At the root of all new projects, particularly when new product designs are the 
motivating factor giving rise to the need for a plant layout, is the estimate of 
the quantities required. To obtain a reliable estimate of sales volume, a careful 
survey should be made by the sales department or by an outside market research 
agency. This survey should cover foreign as well as domestic markets and should 
indicate the extent of the probable sales volume that the company may reason¬ 
ably expect to realize for the products to be made in the new layout. The current 
price structure and the trend of prices projected over at least three years are also 
important indications to be supplied in the sales survey. 

The effect of the price level on the sales demands for a product greatly influ¬ 
ences the quantity volume to be manufactured. For example, if a product has 
been previously marketed at a sales price of $100 a unit, the market demand may 
conceivably be tripled when the sales price is reduced to $75. An analysis of 
production costs may reveal that with a tripled volume the net profits may be 
larger when the product sells at the lower figure. 

In designing plant layouts, provision is often made for gradual increases in 
output volume up to an optimum operating capacity. With the flexibility in¬ 
jected by this type of planning, especially for new products, markets can be ex¬ 
panded, prices reduced, and plant operations kept in balance over a long period, 
at the same time reflecting favorable results on the profit statement. On the 
other hand, some products may have an inflexible or limited market, regardless 
of the price level. Under such circumstances, the output capacity should be 
/ based on the limited vqlume attainable, provided the quantity is sufficient to 
yield a satisfactory profit. 
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2. Economic Quantities to Be Produced 

From the quantity requirements estimated in the market survey, the following 
three relationships must be established for the projected layout: 

а. The manufacturing cycle for the product. 

б. The inventories of component parts to be kept in stock. 

c. The minimum quantity of each part which may be manufactured eco¬ 
nomically in a single lot. 

No standard formula exists for correlating these three interdependent production 
factors, inasmuch as each product has its own set of relationships. In studying 
these relationships for a given product, consideration should be given to the fol¬ 
lowing cost elements: 

а. Setup cost for each operation on a component part. 

б. Carrying charges on stocks of component parts and completed assemblies. 

c. Cost of handling and storing component parts and completed assemblies. 

d. The ^‘lag” periods between component parts and subassemblies in the 
manufacturing cycle for the finished product. 

e. The scheduled shipments of the product by months or weeks. 

Excess inventories and setup costs often throw an otherwise profitable line of 
products into a ruinous operating loss. 

3. Obsolescence of the Product Design 

With the rapid progress made each year in materials, product designs, and fin¬ 
ishes, the potential obsolescence of a product is a matter requiring close examina¬ 
tion in planning a layout. The economic advantages of mass production can 
quickly turn into a heavy cost penalty when large inventories of obsolete products 
are tied up in stockrooms and warehouses. The probable life of a product design 
is therefore a main factor to be ascertained at the outset. Only after this has 
been properly ascertained can attention be drawn to the rate of production needed 
to meet market requirements, and to the resulting cost of production. 

4. Cost of Production 

The old practice of letting cost determine price has generally been supplanted 
by the more prevalent practice of starting with an estimate of the market price 
for the product and then finding a way of producing the goods at a cost that will 
leave a fair margin of profit. In the quest for such a cost, the quantities to be 
manufactured largely determine the most economical type of method or process 
to be employed, as well as the equipment investment required. 

The influence of manufacturing quantities on the selection of methods and 
equipment may be illustrated with a simple case in which the quantity is increased 
from a sum of 10 units up to one of 100,000 units. The operation consists of 
drilling four holes into a piece part. So long as the quantity remains at 10 units, 
the part can be laid out by hand and the drilling can be done on an ordinary 
drill press costing $200. When the quantity increases to 1,000 pieces a jig is jus- 
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tified, and the investment rises to $250. If the quantity reaches 100,000 pieces, 
however, a metal-stamping operation might be more economical, even though this 
equipment may involve an investment of $2,500. As the equipment investment 
is increased successively from $200 to $2,500, the unit cost per piece keeps com¬ 
ing down. Thus, the resulting unit cost of production has a definite influence in 
the selection of the equipment for the proposed layout. 

5. Quality Control 

Many persons think of quality control only in terms of dimensional accuracy 
in the product, adherence to engineering specifications, and customer acceptance. 
From the standpoint of manufacturing quantities, the amount of work in process 
has a direct influence on the quality of the product wholly aside from the general 
conception of quality control. For example, quality deterioration in the product 
^ increases in proportion to the amount of handling and storing which the product 
'' undergoes during the course of the manufacturing process. Significant losses in 
worked material can easily occur from handling and storage. This hazard must 
he fully considered in designing a plant layout. 

6. Capital Investment for Plant Facilities 

The quantities to be manufactured also have a direct bearing on the amount of 
investment Justifiable for plant facilities. Under factor 4, cost of production, 
a simple illustration was given of the way in which the size of manufacturing 
quantities largely determines the method and tooling to be used. These quanti¬ 
ties likewise influence the selection of equipment and the amount of capital in¬ 
vestment justified for a project. Small lots may usually be handled on standard 
machine tools or other production equipment. When large volumes of manufac¬ 
turing justify the use of single-purpose machinery and equipment, the capital 
investment involved rises considerably. Here again, the final criterion on the 
amount of capital to invest in a project is supplied through an analysis of the 
production cost per unit of product. 

4. ANALYSIS OF PERFORMANCE ON THE EXISTING LAYOUT 

Gauging the Performance on the Existing Layout 

The first step in the statistical analysis of any layout project is to ascertain 
the present performance on the existing layout. This forms the basis from which 
an improvement may be developed. When the layout has been completely de¬ 
signed, it will be necessary to measure the improvement it offers and to weigh 
this improvement against the cost of the installation. Furthermore, before seek¬ 
ing to make improvements, it is necessary to know in advance what the present 
conditions are like factually. Present performance is the actual gauge of present 
conditions, and therefore marks the starting point in the analysis. 

When the contemplated project is entirely new and has no parallel operations 
I in existing activities in the plant, it is then necessary to start from scratch with¬ 
out the guidance of actual operation statistics, and all figures must be estimated. 
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Whether all the figures are estimated or whether some are obtainable from cur¬ 
rent operations, the logic followed is the same. For the sake of illustration, then, 
let us consider an actual situation in a plant department where some of the pro¬ 
duction data needed for the layout project are available from current production. 

Illustration of Actual Performance in a Plant Department 

Present output is obtained from the production department. Present perform¬ 
ance marks the starting point in the analysis preparatory to planning the output 
for a new layout jiroject. The labor hours and nuinhcr of men involved in tlie 
present output are furnished by the accounting department. These statistics are 


TABLE 2. ACTUAL PERFORMANCE ON EXISTING LAYOUT 


Department: Gear-Unit Assembly 

Last. Average 

12 Months per Month 

Highest 

Month 

Latest 

Month 

Description of Data 

(1) 

(2) 

(3) 

(4) 

OUTPUT 

Number of units as8emi)le(i 

6,543 

545 

659 

455 

STANDARD LABOR HOURS ALLOWED 

Net allowed hours 

69,520 

5,793 

6,861 

5,413 

Setup hours 

1,777 

148 

148 

79 

Extra allowance hours 

16,767 

1,397 

1,570 

1,383 

Expense hours 

6,177 

515 

393 

497 

Non-saleable product 

11,716 

976 

935 

442 

Miscellaneous hours 

212 

18 

29 

26 

Total allowed hours 

106,169 

8,847 

9,936 

7,840 

ELAPSED HOURS 

Total elapsed hours 

88,259 

7,355 

8,336 

5,916 

EFFICIENCY 

Percent efficiency 

120% 

120 

119% 

133^;; 


AVERAGE HOURS PER UNIT ASSEMBLED 


Net allowed hours 

16.2 

16.2 

15.1 

17.2 

Elapsed hours 

13.5 

13.5 

12.6 

13.0 

NUMBER OF WORKERS 

Assembly crew, 1st shift 

24 

24 

23 

19 

Assembly crew, 2nd shift 

18 

18 

18 

16 

Operator, 3rd shift 

1 

1 

1 

1 

Foreman 

1 

1 

1 

1 

Inspectors 

3 

3 

3 

3 

Lapping machine operators 

2 

2 

2 

2 

General laborers 

2 

2 

2 

2 

Packer 

1 

1 

1 

1 

Time-study man 

1 

1 

1 

1 

Shop clerks 

4 

4 

4 

4 

Total force in department 

57 

57 

56 

50 
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shown in Table 2. Each column represents a significant period of time selected 
as a basis for measuring existing activity as follows: 

Column 1 : Last 12 months. Since all projects are ultimately evaluated in 
terms of a yearns business, this column forms the basis of the analysis. 

Column 2: Average per month. This is nothing more than column 1 di¬ 
vided by 12 to arrive at an average monthly output for the purpose of 
expressing the statistics in the language of the production department, 
namely, in monthly loads. 

Column 3: Highest month. Since this particular month reflects the highest 
output of any month in the 12-month period, it is shown here as a basis 
for comparison with the output that will be planned on the new layout. 

Column 4: Latest month. This column supplies statistics for the most re¬ 
cent month. The output shown in this column will be broken down into 
specific detail by types of gear units, subassemblies, piece parts, individual 
operations, time values, etc., in the subsequent steps of the statistical 
analysis. 

Analyzing the Output Figures 

The output figures, in terms of units of gear units assembled, show that the 
average month for the 12-month period amounts to 545 units. During the high 
month of that year, 659 units were produced. This particular month, however, 
had 5 accounting weeks in it. Reducing the 5-week figure of 659 units to the 
basis of a 4^/^-week month, this output becomes 571, or but 5 percent above the 
average month. On the other hand, the output of but 455 units for the latest 
month covers only 4 accounting weeks. Adjusting this figure for 4% weeks, this 
output becomes 493 units, or but 10 percent below that of the average month. 

Taking into consideration the status of work in process at the start and close 
of the high month and of the latest month, the figures indicate that the volume 
of output of these two particular months was practically no different from the 545 
units obtained during the average month. It is therefore safe to proceed with our 
analysis of the output during the latest month as being representative of the 
entire year, without fear of having overlooked some ‘‘bogey^^ month which might 
have served as a better criterion. It is well to keep such facts in mind throughout 
the analysis so as not to use superficial ‘^spoU^ months too literally as a gauge of 
present capacity or activity. 

5. BREAKDOWN OF TOTAL OUTPUT INTO TYPES OF PRODUCTS 

Developing Number of Labor Hours per Unit of Product 

We saw in Table 2 that 455 gear units were assembled in the latest month on 
record, and that, after considering the number of accounting weeks included in 
this month and allowing for the status of work in process at the beginning and 
end of the month, this figure was representative of present monthly capacity for 
an entire year. Whether all types of gear units incur the same number of labor 
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TABLE 3. LATEST MONTH^S OUTPUT BY TYPES OF PRODUCT 


GEAR UNITS 


UNITS 

PRODUCED 


NET ALLOWED HOURS OF RUNNING TIME 


Type of 

Size of IN LATEST 

Actual on Present Layout 

Estimated for New Layout 

Unit 

Case 

MONTH 

Total Hours 

Per Unit 

Per Unit 

Percent Decrease 

(1) 

(2) 

(3) 

(4) 

(6) 

(6) 

(7) 

NEW-TYPE 

UNITS 






T 

22248 

1 

13 

12.90 

10.71 

17% 

T 

22842 

7 

93 

13.30 

11.03 

17 

T 

23246 

113 

1,707 

15.10 

12.53 

16 

T 

23641 

10 

254 

25.43 

21.11 

17 

T 

25050 

1 

29 

29.24 

24.27 

17 

WE 

22841 

2 

33 

16.45 

13.55 

18 

WE 

23263 

20 

352 

17.58 

14.58 

17 

B 

22042 

1 

12 

12.00 

12.00 

— 

F 

23265 

1 

18 

18.00 

18.00 

— 

Total new-type units 

156 

2,511 

16.09 

13.38 

17 

PRESENT STANDARD 






UNITS 






K 

12045 

56 

218 

3.90 

3.40 

13 

K 

12241 

1 

4 

4.35 

3.50 

20 

K 

12843 

3 

17 

5.62 

4.35 

23 

E 

13268 

4 

26 

6.49 

4.56 

28 

GF 

12048 

12 

47 

3.90 

3.53 

10 

GF 

12246 

36 

164 

4.60 

3.94 

14 

GF 

12840 

30 

167 

5.57 

4.59 

18 

GF 

13269 

13 

83 

6.41 

5.67 

12 

GF 

12547 

6 

^8 

4.64 

3.99 

16 

GF 

13641 

2 

14 

7.05 

5.92 

16 

U 

12043 

12 

113 

9.45 

8.02 

15 

U 

12240 

5 

60 

12.02 

10.08 

16 

u 

12542 

1 

12 

12.16 

10.15 

17 

T 

12244 

10 

47 

4.70 

3.89 

17 

T 

12847 

8 

45 

5.60 

4.41 

21 

T 

13246 

6 

41 

6.47 

5.13 

21 

T 

13640 

3 

23 

7.62 

5.60 

27 

T 

12048 

1 

4 

3.98 

3.60 

1 

T 

12541 

4 

19 

4.85 

3.98 

18 

T 

14042 

2 

17 

8.45 

6.38 

24 

T 

14445 

3 

29 

9.57 

7.99 

16 

WT 

12543 

6 

67 

11.25 

9.25 

18 

WT 

12846 

3 

39 

12.85 

10.80 

16 

WT 

13268 

38 

472 

12.42 

10.70 

14 

NX 

11259 

4 

22 

5.53 

4.50 

19 

D 

12844 

30 

300 

9.99 

8.29 

17 

Total standard units 

299 

2,078 

6.95 

5.86 

16 

GRAND TOTAL UNITS 






Units completed 

455 

4,589 

10.08 

8.44 

16 

Work in process 


824 

1.81 

1.52 

16 

Total net allowed hours 


5,413 

11.89 

9.96 

16% 


* Each type of product incurs a specific number of labor hours per unit. Ways of improving the 
work being done on present types of products, through a better layout, spring from these basic figures. 
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hours per unit is our next concern in the analysis. This is developed in Table 3 
in the columns described below: 

Columns 1 and 2: Gear-unit types and sizes. 

Column 3: Units produced in latest month. The total of 455 units appear¬ 
ing at the foot of the table is made up of 156 new-type units and 299 pres¬ 
ent standard units. The number of each type of unit varies from a mini¬ 
mum of 1 for each of seven types up to 113 for Type T-23246 shown on 
the third line. The irregular weighting which these individual quantities 
carry into the average net allowed hours (10.08 in column 5) for the entire 
list exerts a marked influence on the significance and application made of 
this over-all average. 

Columns 4 and 5: Actual net allowed hours on present layout. This informa¬ 
tion is obtained from the operation layout files in the time-study depart¬ 
ment (see specimen form in Figure 63). It will be noted that although 
the average for all 455 units amounts to 10.08 net allowed hours per com¬ 
pleted unit, the new-type units average 16.09 hours each, whereas the 
present standard units average but 6.95 hours apiece. Furthermore, the 
time allowance per unit varies all the way from a minimum of 3.90 hours 
to a maximum of 29.24. The latter takes more than 7 times as many 
hours as the former, and both types are the most active on the list. 

Selection of the Representative Product Unit 

In planning a layout for this line of gear units, neither the 3.90-hour unit nor 
the 29.24-hour unit can properly be taken as a representative product unit for 
developing the output capacity in the new layout. A more representative basis 
is the average number of hours for all 455 units, or 10.08 hours per unit. 

Thus far, our figures on time allow^ed have been supplied by the time-study 
department for each type of unit. The extension of these unit rates by the num¬ 
ber of units produced results in a total of 4,589 net allowed hours for the month. 
The payroll, however, shows 5,413 hours, or 824 more hours due to time paid for 
work in process, which time is not included in the production figures until the 
units have been completed. 

6. PRELIMINARY LAYOUT OF POSSIBLE IMPROVEMENTS 

Exploring Improvement Possibilities in Present Layout 

Before proceeding with planning a layout for the new line of gear units, we 
must first determine the ways in which a new layout could improve the assembly 
work now being done on the present types of gear units. This is done through 
the medium of designing work-station layouts (see Chapter X) for the existing 
types of units, and preparing a preliminary floor layout of these work stations 
to study the flow of production that would be the most suitable for these work 
stations. In the case at hand, the preliminary layout brought out three decisive 
points on this score, namely: 
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1. Changing from unit assembly to progressive assembly eliminates setup 
time. 

2. Matching parts in a dispatch station reduces extra allowance hours by 
50 percent. 

3. Increasing the number of inspection points reduces expense hours by 50 
percent in repairing rejects. 

The determination of these effects on the output for the latest month of pro¬ 
duction is shown in Table 3 as follows: 

Column 6: Estimated running time per unit on new layout. These time 
allowances are secured from the time-study department and indicate the 
new time values that would be given each type of unit if assembled on the 
new layout. 

Column 7: Percent decrease in net allowed hours on new layout. The hours 
saved per unit (Column 5 minus Column 6), divided by the present running 
time per unit (Column 5), reflect an over-all reduction of 16% (Column 7) 
in running time resulting from the new layout features. 

What this saving means in terms of money for the volume of production over 
the last 12 months (see Table 2, Column 1), is summarized in Table 4. 

TABLE 4. ANNUAL SAVING BY PRODUCING PRESENT OUTPUT 
ON NEW LAYOUT 


DESCRIPTION OF 
STANDARD LABOR 
HOURS ALLOWED 

COMPARISO 
FOR 455 UNn 
IN LATEfc 

Actual Hours 
on Old Layout 

N OF HOURS 
rs PRODUCED 
;T MONTH 

Estimated Hours 
on New Layout 

ESTIMATED SAVINGS 
IN HOURS ALLOWED 
ON 6,543 UNITS 
PRODUCED IN 
LAST 12 MONTHS 

Total 

Hours 

Hours 

per 

Unit 

Hours 

per 

Unit 

Percent 

De- 

cn»as(^ 

Actual Hours 
on Old 
Layout 

Savings 
on N(‘w 
Layout 

Net allowed hours 

5,413 

11.89 

9.96 

16% 

69,520 

11,123 

Setup hours 

79 

.17 


100 

1,777 

1,777 

Extra allowance hours 

1,383 

3.04 

1.52 

50 

16,767 

8,383 

Expense hours 

497 

1.09 

.55 

50 

6,177 

3,088 

Non-saleable product 

442 

(This allowance unchanged) 

11,716 


Miscellaneous hours 

26 

1 

t 


212 


Total allowed hours 

7,840 




106,169 

24,371 

Average wage rate 






X$1.412 

Annual saving in labor cost 






$34,412 
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Fig. 65. Breakdown of a finished product into its component parts forms the basis for preparing the form on manufacturing layout data 

(Figure 68). 

























Fig. 66. Monthly load for each type of machine forms the basis for determining the number of machines required for the plant layout 

project. 
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Annual saving of $34,412 is obtained in labor cost by producing present output 
of existing units on new layout. 

The cost of installing the new layout was estimated at $24,100, thus permitting 
the project to pay for itself during the first 8 months of operation after instal¬ 
lation. 

Product Load Analysis 

In situations wliere the new project calls for new products and operations for 
which actual performance statistics are not available, the load analysis would 
begin with a Product Load Analysis, illustrated in Figure 64, showing the annual 
output of each type and size of product to be manufactured on the new layout. 
The yearly activity shown on this form for each product forms the basis for 
determining the monthly activity of the component parts entering into the 
product. This form would then be summarized by individual products, as in 
Table 3, leaving out columns 4 and 5 concerning present layout, and listing the 
forecasted production quantities in column 3 of the same listing. 

Component Part Analysis 

The next form used for compiling load data for a new project is the component 
part analysis illustrated in Figure 65. One of these forms is prepared for each 
product. This form breaks down the completed products from Figure 64 into 
their component parts. 

The monthly activity of these component parts forms the basis for making the 
operation analysis on the form entitled ^'Manufacturing Layout and Estimate,’^ 
illustrated in Figure 70. The component j)art analysis is used for constructing 
flow charts of material handled between departments. 

In compiling this component analysis, it is necessary to dissect the completed 
product into the smallest piece part to be manufactured. These parts must then 
be further analyzed on the form in Figure 70 to determine material requirements, 
operations required, and routing of the operations. From the operations com¬ 
piled on the form in Figure 70, the machine load data is recapitulated on the 
form in Figure 66. 

7. THE MANUFACTURING PROGRAM AND PLANT CAPACITY 

The Sales Forecast by Individual Products 

A manufacturing program based on a sales forecast is usually expressed in lump 
quantities of products for a year, or for six-month periods. To be of value in 
planning a layout, the manufacturing program must be stated in terms of indi¬ 
vidual types and sizes of each product, and the yearly quantities subdivided into 
months so as to show the variations in requirements from month to month. These 
monthly production quantities by individual types and sizes of products may 
then be broken down into component parts, using for this purpose a form similar 
to the one illustrated in Figure 64. 
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Throughout the component analysis a distinction should be made between 
parts to be manufactured in the plant and parts that could be bought outside more 
economically. It should be borne in mind that the components that set up limit¬ 
ing factors of capacity in the new layout are those that are to be manufactured 
in the plant, and not those purchased outside. 

Stock Orders and Job-Shop Manufacturing 

In determining output requirements, it is also necessary to distinguish between 
stock orders and custom (or special-job) orders. AVhen stock orders prevail in a 
new ])roject, custom orders are scheduled to fit into the surplus machine capacity 
not assigned to stock orders on machine load charts. In this event, stock orders 
receive preference in scheduling production, and custom orders are subjected to 
delays in delivery. But if custom orders arc in the majority they take prece¬ 
dence in machine loading, whereas stock orders arc scheduled to the left-over 
capacities in the machines. 

This method of scheduling leaves an uncertainty in the maintenance of ade- 
(juate stocks on hand. Usually, however, with a proper exercise of judgment, oc¬ 
casional interruptions at convenient times will permit a switch from stock orders 
to custom orders, or vice versa, without disrupting operations. In determining 
output capacity needed, however, due provision has to be made for the coexistence 
of these two types of orders. 

The Parasitic Nature of Small Orders 

The acceptance of special orders for non-standard products often wrecks the 
best-planned production schedules and the best-designed plant layouts. The ex¬ 
cessive setup cost and resulting machine delays occasioned by special orders is not 
often realized. The presence of special orders in some plants definitely prevents 
such plants from being able to accept large orders for standard products. The 
parasitic nature of special products upon the standard line is clearly illustrated 
in the following actual experience related in Industrial Standardization: 

At one time, in this furniture factory, special orders were cultivated to such a 
point that the filling of these orders interfered seriously with the manufacture of 
the standard product. A separate factory was finally erected for the special work. 
This led to more accurate cost-accounting which proved that the company was losing 
money on special orders. When the attempt was made to raise the price of the 
special product to the point where the special factory would pay its own way, it was 
found that this could not be done because the customer then preferred the standard 
product. As a result, the business in specials was eliminated.* 

Nearly every industry is confronted with the problem of supplying replacement 
parts to service the products in the hands of consumers. There is also a certain 
amount of shrinkage in production due to losses, breakage, defectives, etc. In de¬ 
termining production capacity, due allowance has to be made for these intangible 
factors. It is not uncommon in many industries to find from 5 to 20 percent of 
the total production of parts being diverted into these channels. 

* hid. Standardization^ editorial, January, 1942. 
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Inventoiy Levels Considered for the Layout 

Another factor of major significance in planning a manufacturing program for 
a new layout project is the matter of merchandise inventories covering raw mate¬ 
rial, work in process, and finished parts and assemblies. It is not generally recog¬ 
nized, outside of administrative and accounting circles, that a large part of the 
capital required to operate a manufacturing enterprise is tied up in inventories. 
Unless inventory levels are co-ordinated to the rate of output, they usually climb 
into unnecessary sizes which cause cariying charges (including taxation in some 
states) to cut deeply into operating profits. 

A certain determinable inventory level must be maintained for each material 
item in a product. Such a level is based on the availability of raw materials, 
market fluctuations in material prices, the manufacturing cycle of the finished 
product, and seasonal demands for the product. Since the size of merchandise 
inventories is directly dependent upon the quantities to be manufactured as well 
as upon the rate of production, inventory requirements should be determined 
accurately in planning the plant layout project. 

Seasonal Influence on Production Activities 

In converting the manufacturing program into component parts, close atten¬ 
tion must be given to the seasonal aspects of a year’s program. In some indus¬ 
tries, notably in food-canning and automotive plants, the bulk of a year’s busi¬ 
ness is carried on entirely within a season extending over but a few months out of 
the twelve-month period. This means, for example, that while the annual out¬ 
put may be, say, 1,000,000 units, this entire volume may be produced over a 
period of perhaps only 4 months. 

For such a plant, the capacity designed into the layout would be based on a 
production rate of 250,000 units a month rather than on a monthly output of 
one-twelfth of 1,000,000 units, namely, 83,333 units. In industries that must 
produce a variety of products on a seasonal basis, the planning of this production 
is a critical issue. For such plants, the actual capacity is planned at a much 
higher level than would be the case if the manufacturing program for the year 
could be distributed uniformly over 12 months. 
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Analyzing, Balancing, and Routing 
the Operations 

1. PRELIMINARY ANALYSIS OF THE PLANT LAYOUT PROJECT 

On the Threshold of Actual Plant Layout Design 

In undertaking the practical api)lication of principles at this point, the assump¬ 
tion is made that the following six preliminary steps described in Part 1 were duly 
executed before the decision was reached to proceed with the engineering work 
of designing an actual layout: 

1. The product or products have been completely designed, tested, com¬ 
pared with competing products, and found ready for commercial pro¬ 
duction. 

2. A comprehensive market survey has been made to determine the demand 
for the product, the portion of the market that the enterprise can rea¬ 
sonably expect to secure over a number of years, and the market price 
to be expected over the same number of years. 

3. If a new plant is contemplated, the regional location has been selected 
and a survey made of the labor supply, transportation costs, power costs, 
and taxes in the locality selected. 

4. The quantity of each product to be shipped, by months, over a number 
of years, has been determined from the projected sales requirements. 

5. If an existing plant or existing facilities are to be utilized, the available 
machine capacity and floor space have been calculated thoroughly. 

6. Preliminary estimates have been made from alternative plans to indicate 
the potential capital investment and net profit involved, and a sound 
justification has been obtained for proceeding with the actual develop¬ 
ment of the plant layout. 

Preliminary Layout Plans from Rough Estimates 

For run-of-the-mill plant layout projects not involving the construction of a 
new plant nor extensive alterations to existing buildings, many of these prelim¬ 
inary factors can be reliably estimated by experienced plant layout engineers 
without the necessity of compiling endless statistical information in support of 
preliminary alternative plans. It is only after one or more of these preliminary 
plans have been selected by management for actual development that the plant 
layout engineer undertakes to determine the number, type, and size of machinery, 
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Fig. 67. Difference in total operating cost. Direct labor hours per year under the present plant layout are compared on this form with the 
corresponding hours under the proposed layout. As needed, these total hours are expressed in terms of direct labor cost, and the overhead 

cost is added to obtain the net difference in total manufacturing labor and expense. 
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material-handling equipment, work stations, areas, processing and service de¬ 
partments, etc., required for a selected plant layout project (see Figure 67). 

2. OPERATION ANALYSIS OF MANUFACTURING METHODS 
Fitting the Layout to the Operations 

The foundation of all plant layout engineering rests upon the technical detail 
work involved in analyzing, timing, balancing, and routing the manufacturing 
operations necessary to fabricate, move, store, assemble, and co-ordinate the rout¬ 
ing and scheduling of raw material, piece parts and subassemblies which enter 
into the finished products. From the calculations required in this detail emerges 
the pattern of the physical design of the layout. The accuracy of the plant lay¬ 
out can be no greater than the soundness and accuracy of the underlying detail 
data secured on manufacturing operations. To derive smooth, efficient opera¬ 
tion from the project, the statistics and calculations of operations must mesh 
together like the gears in a gear train. 

Once the (quantities of each product to be manufactured have been determined, 
the first step is to analyze the contemplated processing operations. This may 
necessitate voluminous detail or only a negligible amount of paper work, depend¬ 
ing on the magnitude or technical importance of the project. In either situation 
the work demands a high degree of accuracy. It is largely upon the accuracy of 
this basic detail that the following factors arc ultimately gauged: 

1. The amount of capital investment in machinery, equipment, and tooling. 
As indicated in later chapters, this investment in normal times is over 
twice as much as for the construction of the factory buildings. In ab¬ 
normal times, this proportion runs higher. This relationship holds true, 
as a general rule, in all industries in this country. 

2. The type and amount of floor space required. 

3. The type and size of the plant force. 

4. The profit and loss possibility from each alternative plan of plant layout. 
Technical Knowledge of Processes 

In compiling the detail data on operations, the plant layout engineer need not 
be thoroughly versed in the technical aspects of the manufacturing processes 
involved in the proposed layout. What he must know thoroughly, however, is the 
proper way of fitting these details together, qualitatively and quantitatively, into 
a harmonious assembly. The technical ‘^know-how” of the processes is supplied 
by the product design engineers, process engineers, tool engineers, supervisory 
force, and management staff. In order to avoid confusion and misunderstand¬ 
ing in developing the project, it is of extreme importance to keep this distinction 
of responsibility in mind. 

Compilation of Detail Data on Operations 

As when compiling data on quantities to be produced, it is desirable to record 
as much detail on operations as possible for reference. Special forms, described 
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in the following paragraphs, have been designed for this purpose to avoid the 
haphazard recording of such information in so-called ^^butcher books.” These 
forms make it easier for all persons working on the project to interpret the infor¬ 
mation correctly. The forms also constitute a permanent record for reference. 

The primary purpose in compiling detail information on operations is to pro¬ 
vide a solid basis for establishing the proper manufacturing methods to be used 
in the project. In nearly every operation there is a choice of several alterna¬ 
tive methods, but usually one best method. To determine this best method, a 
number of factors ai‘e analyzed and weighed carefully. In order to study these 
alternatives properly, each product is first dissected into its lowest element of 
component parts. Figuratively speaking, the product is broken down to the last 
nut and bolt it contains. 


3. ESTIMATES OF MACHINE OPERATIONS AND LOADS 
Two Stages of Estimating Operations 

The compilation of data on machine operations is usually done in two stages, 
namely: 

1. Preliminary estimates of machine operations and loads. 

2. Final studies of operation time, factory cost, machine tools, floor space, 
and cost of machinery and equipment. 

Preliminary Estimate of Machine Operations 

In making preliminary estimates and tentative selections of machine operations, 
a form similar to the one in Figure 68, for compiling manufacturing layout data, 
is commonly used. The form is simple, practical, and yet comprehensive 
enough to supply the proper basis for the final selection of the particular manu¬ 
facturing methods and machines that are the most suitable and economical for 
the project. A more elaborate form. Figure 70, described later, is used for the 
final studies in the second stage of the estimating. 

One sheet of the manufacturing layout data form is used for each component 
part of the product to be manufactured in the new })lant layout. In filling out 
this form, there should be no hesitancy to use several lines for an operation when 
necessary to avoid confusion. In compiling engineering data, paper is much 
cheaper than engineering time for digesting cramped information. For this rea¬ 
son, liberal space is allowed between parts or operations listed on the form so as 
to permit later insertions, revisions, and corrections. 

Manufacturing Methods 

The monthly and annual production requirements of the product or part 
analyzed on the form are shown in the heading of the sheet as taken from the 
production quantity determined from the estimated sales requirements previ¬ 
ously described in Chapter IV. The parts of each product are listed individually 
on the form in the first column. The quantity of each part contained in a single 
unit of the product is shown in the third column. Then follows a column for 
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Fig, 68. Process routing of a component part into its sequence of machine operations. The monthly load of these 
separate operations forms the basis for compiling machine load data (Figure 66) and manufacturing layout and esti¬ 
mate (Figure 70). 
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listing the obvious method of manufacturing. The final best method is not 
usually known at this early stage, but the most obvious method provides a good 
starting point, which may be improved upon later as the analysis develops along 
broader lines than are discernible at the moment. 

In listing the operations for each component part, the following information is 
also shown for later use: 

а. The source, destination, and distance of material movements. 

б. The inspection points. 

c. The storage pauses between processing operations. 

d. The sequence of the separate processing operations. 

The indispensability of this supplementary information will become apparent 
later in this chapter when the subject of flow diagrams is taken up. 

Machine Loads 

After a number of parts have been listed and the operations have been tenta¬ 
tively selected for these parts, the unit time value for each operation is obtained 
from the time-study department and entered on the form. The extension of 
these time values provides the first inkling of machine loads. From those initial 
indications, alternative methods are similarly applied and extended on the form 
and the results are compared as a basis for weighing the relative merits of op¬ 
tional processing methods. The comparison of the results thus obtained con¬ 
stitutes the analysis of manufacturing methods. 

Selection of Machinery and Tooling 

As the trial studies are being made, it is of the utmost importance to visualize 
the entire pattern of machine loads by types of machines. Except in mass-pro¬ 
duction plants, the machinery, equipment, and tooling being selected as the most 
suitable for the project may not be loaded sufficiently to justify their use. When 
the projected activity does not warrant the investment in a particular machine 
tool, it is often better economy to compromise on an otherwise available machine 
at a higher labor cost, which is more than offset by lower depreciation costs. 
Keeping these comparisons in the foreground throughout the preparation of pre¬ 
liminary estimates of operations and machine loads usually guards against such 
wasted effort at a later stage when the selected methods are found to be eco¬ 
nomically unsound. 

4. DETERMINING THE LABOR COST OF AN OPERATION BEFORE 

FINAL SELECTION 

Use Made of Time Values in Layout Work 

The unit time value, supplied by the methods engineers for each operation (see 
Figure 63) and entered on the form illustrated in Figure 68 for the purpose of 
determining machine loads, supplies the structural data of the entire plant layout 
design. In other words, unit time values are to a plant layout plan what bricks, 
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cement, and structural steel are to the construction plan of the factory building 
proper. A word on the determination of these time values will be of practical 
benefit in applying these time values to the production program for determining 
machine loads, selecting operations, and developing the plant layout. 

0.001 Hour per Piece May Mean One Whole Machine 

The importance of one thousandth of an hour (0.001) in time allowance per 
piece in mass production is illustrated in the chart shown in Figure 69, developed 
by the authors. For example, in an operation involving a time allowance of 
0.012 of an hour per piece, the resulting machine-hours of work per year in¬ 
crease as follows for each increment of 0.001 of an hour in time allowance per 
piece for the number of pieces per year indicated (see Application 1 of Figure 69). 


MACHINE HOURS PER YEAR 


Number 

When Time 

When Time 

Increase in Machine 
Hours for Each 

of Pieces 

Allowance per 

Allowance per 

Increment of 0.001 Hour 

per Year 

Piece Is 0.012 

Piece Is 0.013 

in Time Value 

1,000 

12 

13 

1 

10,000 

120 

130 

10 

100,000 

1,200 

1,300 

100 

1,000,000 

12,000 

13,000 

1,000 

2,000,000 

24,000 

26,000 

2,000 


When production reaches 2,000,000 pieces a year, a difference of 0.(X)1 of an hour 
in time allowance per piece amounts to 2,000 machine-hours, equivalent to the 
full time of one machine for the entire year, operating 40 hours a week for 50 
weeks. 

0.001 Hour per Piece May Mean $3,000 of Labor a Year 

From a labor cost standpoint (see Application 4 on the chart), each increment 
of 0.001 of an hour in time allowance per piece increases the labor expenditure 
per year as follows when the labor rate is $1.50 an hour: 


LABOR COST PER YEAR WHEN LABOR RATE IS $1.50 AN HOUR 


Number 

When Time 

When Time 

Increase in Labor 
Cost for Each 

of Pieces 

Allowance per 

Allowance per 

Increment of 0.001 Hour 

per Year 

Piece Is 0.012 

Piece Is 0.013 

in Time Value 

1,000 

$ 18 

$ 19 

$ 1 

10,000 

180 

195 

15 

100,000 

1,800 

1,950 

150 

1,000,000 

18,000 

19,500 

1,500 

2,000,000 

36,000 

39,000 

3,000 


Again, when production involves 2,000,000 pieces a year, a difference of 0.001 
of an hour in time allowance per piece means a cost differential of $3,000 when 
the labor rate is $1.50 an hour. Considerations of this nature greatly influence 
^ the selection of an operation in compiling the manufacturing layout data in 
Figure 68. When a multiplicity of parts and operations are involved in a plant 
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layout, there is a tendency to by-pass these calculations in order to gain time in 
developing the layout. As a means of expediting these calculations, the Labor 
Costimator chart in Figure 69 was developed and placed on the market by the 
authors. 

Quick Answers by Inspection 

A quick way of arriving at an answer by mere inspection is illustrated in Ap¬ 
plication 5 on the chart. By simply locating the junction of the number of pieces 
per year with the labor rate per hour and extending this point to the scale at the 
right of the chart, one glance will indicate whether the operation in question 
should be: (a) given casual consideration; (6) given a careful study; or (c) sub¬ 
jected to an intensive study. 

Other applications of the Labor Costimator in plant layout engineering and 
time-study work are illustrated in Applications 2, 3, and 6, which are not taken 
up at this time. The complete set of applications is as follows: 

1. Machine-hours per year. 

2. Time allowance per piece. 

3. Number of pieces per year. 

4. Labor expenditure per year. 

5. Labor cost per 0.0001 hour per year. 

6. Labor rate per hour. 

Where a large number of calculations are involved and a number of varial>lc 
factors have to be considered from different angles, the Labor Costimator chart 
supplies these answers at a glance as readily as a simple calculation is found on 
a slide rule. This is particularly true when a given application, such as No. 1 
for machine hours per year, is used repeatedly at varying rates. Once the first 
answer to a given application has been derived, an indefinite series of solutions 
may be obtained instantly by merely varying one or two of the factors in the 
given formula. 

5. FINAL STUDIES OF OPERATION TIME, FACTORY COST, AND 

MACHINE COST 

Selection of Best Manufacturing Method 

From the preliminary estimates compiled and compared by operations on the 
form in Figure 68, a selection is made of the resulting best method from the 
standpoint of machine loads and labor cost. The method thus selected for each 
operation is transferred to a more comprehensive form, such as the manufac¬ 
turing layout and estimate of Figure 70, for the purpose of evaluating the 
operating cost and investment cost of this particular method. 

In selecting what appears to be the most logical manufacturing method out of 
a number of methods that inevitably come up for consideration, each method 
is thoroughly analyzed from a number of angles aside from time values and 
types of machine tools. As an example, the obvious best method of manufactur- 
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tools and auxiliary' equipment. 
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ing a given part, as judged solely from a processing standpoint, may be by sand¬ 
casting. But if the enterprise does not operate a foundry, there is no need of 
considering sand-casting any further, unless the company can justify the addition 
of a foundry to its facilities or unless the part is purchased from an outside 
foundry. 

Factors Considered before Purchasing Parts 

If the part is purchased a number of additional factors, such as the following, 
are to be considered, aside from the element of the purchase cost of the part: 

1. Availability of the part at the time it is needed. 

2. Transportation delays and costs. 

3. Quantity that must be kept on inventory. 

4. Handling and stores expense for the part. 

5. Uniformity of quality. 

6. Continuity of production by the suppliers. 

When all these factors have been duly weighed, it may be found that, instead of 
sand-casting the part, it is more economical to manufacture it by permanent 
molding, die-casting, or fabricated design. 

Selecting the Right Kind of Machine 

In the field of machining operations proper, the margin of selection from a 
cost standpoint is even narrower than in foundry work. For example, a simple 
shaft finished by grinding may cost much less and have a higher-quality finish 
than the same shaft finished on an engine lathe. But unless the quantity of 
shafts to be finished is large enough to absorb this investment in the purchase of 
a grinder, the cost differential in favor of the grinder operation turns into a cost 
differential in favor of the existing engine lathe. When both the cutting and 
finishing are done on the engine lathe, only one machine is required. But when 
the cutting is done on the lathe and the finishing is done on the grinder, two 
machines are needed. 

Thoroughness in determining the right way to do the job, of selecting the right 
kind of machine, and of ascertaining the number of each type of machine re¬ 
quired stems directly from the accuracy employed in making the operation an¬ 
alysis, such as is laid out on the form in Figure 70. 

Selecting the Raw Material for the Process 

The operation analysis is commonly supplemented by a study of the materials 
specified and of their possible substitutes. To illustrate the use made of this 
information, let us consider a given part, the material for which lies in a choice 
between ferrous, non-ferrous, or non-metallic material. Here again, the obvious 
choice gravitates towards that material which commands the cheapest price. 

However, cost to process the material, i. e., to shape, dimension, or finish the 
part from the material, might vary considerably for each kind of material. The 
higher differential in the processing cost of the material may far exceed its lower 
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differential in purchase price. In this respect, the processing cost to a large 
extent determines the kind of material to be used. 

A guide to the elements to be kept constantly in mind throughout the prepara¬ 
tion of studies on operation analysis is given in Figure 71. A change in any one 
of these elementary factors frequently requires a compensating change in one or 



more of the other factors, according to the interrelationship indicated on the 
chart. 

A change in material, for example, may not affect the method or the equip¬ 
ment but may affect the tooling, material handling, or quality control. Also, a 
change in quality standards may affect tooling and time values. Then, too, a 
change in equipment may necessitate a change from a female to a male operator. 
Such changes could be illustrated indefinitely. 

Every time a material or method is selected for a trial study, the entire array 
of factors needs to be scrutinized closely to observe the effect that such change 
may visit upon one or more of the factors and upon the operating cost, the in¬ 
vestment required, and the contemplated layout design. 
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6. FUNCTIONS OF PROCESS FLOAT CHARTS IN ROUTING 

OPERATIONS 

Sequence of Production Steps through the Shop 

The operation analysis and timing described thus far have been confined to 
operation elements and piece parts, irrespective of their sequence in the flow of 
operations. Before the actual layout is undertaken, a continuous sequence of 
jirocessing and assembly steps necessary to convert the piece parts into finished 
assemblies is developed in order to establish the flow of work and to balance the 
operations at the various points along the flow. 

Process Chart Symbols 

These process flow’s are commonly traced in graphic form on process charts 
through the medium of the standard symbols shown in Figure 72. These symbols 

are interspersed as guideposts along the 
entire path of travel, from raw’ material 
to finished product. 

By means of these symbols, the steps 
in the manufacture of a product are in¬ 
dicated in proper sequence on the process 
chart. These symbols assist in singling 
out the different processes, transporta¬ 
tion movements, inspection points, and 
stopping points for storage. 

Process Flow Charts for Plant Layout 

The main purpose of the process chart 
is to provide a preliminary diagram of 
the routing of the w’ork for a i)art or 
assembly. By thus making a rough 
analysis of the various steps and of time 
values for each step, much time is saved in locating the oju^rations, machinery, 
and equipment on the plant layout. Furthermore, process charts are indispen¬ 
sable in planning the locations and areas of machine groups and departments 
and in suggesting the general arrangement of the plant layout. 

Several types of process charts have been developed for these purposes, the 
most common being (1) process flow charts, (2) isometric flow charts, and (3) 
pictographic flow charts. Process charts are used principally in developing plant 
layouts and are not to be confused with motion-study flow charts, which are used 
for analyzing the motions within an operation. AVhereas the process chart 
analyzes the relationship between one operation and the next, the motion-study 
flow chart breaks down each operation into detailed movements of the operator’s 
arm, fingers, etc. 

The fundamental purpose of the various types of process charts is the same: 
to present graphically the flow of work from operation to operation and through 


Operation 

Transportation (or ■=!» 

I I Inspection 
\/ Storage 
/\ Foreign element 

Fig. 72. Process chart symbols. 




Distance 
Moved, ^ 
In feet 


22 0.1 

16.0 

5 0.05 

1.5 
0.03 

225 0.38 

0.03 

5 0.05 

4.0 

1.23 X 10 - 12.3 
0.5 

15 0.1 
4.0 

0.653 X 10 - 6.53 
0.5 

16 0.1 
4.0 

0.804 X 10 - 8.04 
0.5 

5 0.05 

1.5 
0.03 

368 0.45 

10.0 

10 0.2 

8.0 

80 0.4 


0-1 

0.2 

t 

0.3 ] 
T 


Column 1 


Castings received from steel foun¬ 
dry 15 days after placing order 

Unload from supplier’s truck by 
receiving clerk and laborer 
Storage until ordered by 
machine shop 

Load on to trailer 

Storage -waiting for tractor 
transportation 

Hook trailer to tractor train 

Move to Group No. 1, 

Department 10 


(M ) Unhook trailer from tractor tram 


0.5] 

: 2 : 

M' 

J 

T 

rr 

I 

0*7 

w 


>10 

X 

T 

1 

2 

>12 

T 


Unload trailer 

Storage -waiting for layout 

Layout casting for machining 

Storage —waiting for move man 

I Move to Group No. 4, 

Department 10 

Storage —waiting for planer 
Rough face-planer 

Storage -waiting for move man 

\ Move to Group No. 2, 

Department 10 

Storage -waiting for milling 
I Rough mill —2 operations 
Storage -waiting for move man 

Load on to trailer 

^ Storage -waiting for tractor 
transportation 

Hook trailer to tractor train 

Move to annealing furnace, 
Department 22 

Storage -waiting for annealing 

Load into furnace 

Anneal 

Move from furnace to sand blast 
by sand blast operator 


- (Continued in col. 2)- 


Dlstance j.. 


0.1 X 10 • 1.0 
5 0.05 

1.5 
0.03 

398 0.48 

0.03 

5 0.05 

4.0 

0.412 X 10 -4.12 
0.5 

16 0.1 

4.0 

1.025 X 10 - 10.25 
0.5 

36 0.1 

4.0 

0.484 X 10 - 4.84 
0.5 

28 0.10 

2.0 

0.1 X 10 - 1.0 
0.5 

5 0.05 

1.5 
0.03 

450 0.75 

0.03 

25 0.11 

Indeterminate 


Column 2 

-(Continued from col. 1) 

( 0 . 13 ) Clean by sand blasting 

r... 1 Load on to trailar by 
sand blast operator 

. jg/ Storage -waiting for 
tractor transportation 

, Hook trailer to tractor 
' train 

I Move to Group No. 4, 


>16 


Department 10 
Unhook trailer from 


tractor train 

Unload trailer 

SjsZ Storage -waiting for 
planer 

>iO Finish face-planar 

Storage -waiting for 
move man 

i Move to Group No. 2, 
' Department 10 

Storage—waiting for 
^ ^ milling 

i Finish mill -2 opera- 
' tions 

vjs/ Storage —waiting for 
move man 

* ^ Move to Group No. 3, 
' Department 10 

Storage-waiting for 
drilling 

Drill 

Storage -waiting for 
move man 

Move to inspector 

Storage -waiting for 
inspector 


Inspect cylinder head 


i Storage -waiting for 
move man 

Load on to trailer 

Storage —waiting for 
tractor transportation 

Hook trailer to tractor 
train 

Move to assembly 
Department 12 

Unhook trailer from 
tractor train 

Unload trailer at 
storeroom 

Storage —awaiting 
assembly 


Fig. 73. Process flow chart of operations, distance moved, and time values to manufacture an 
internal-combustion-^ngine cylinder head, from receipt of casting until assembly. (.Courtesy of 
Gaudreau, Rimbach Associates, Pittsburgh.) 
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Fia. 74. Production flow chart of materials, through machines, by operations, to manufac¬ 
ture a 750-watt biplane projection incandescent lamp. (Courtesy oj Westinghouse Electric 

Corporation, Pittsburgh.) 
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m ANALYZING, BALANCING, AND ROUTING 

storage and inspection points. The types differ mainly in the degree of refine¬ 
ment and comprehensiveness of the presentation. 

The simplest type of process chart, and the one most frequently used, is the 
vertical line of symbols shown in Figure 73. This diagram also contains the 
distance moved from point to point, and the operating time at each point. 



Fro. 76. Equipment lay (ml of a hosiery rntU Tho ultirnato use of flow charts in plant lay¬ 
out engineering is illustrated in this equipment layout of the Humboldt Full Fashioned 
Hosiery Mills, Humboldt, Tenn {Courtesy oj Loekwood Greene Engineers, Inc., New York.) 


A more elaborate type of process chart appears in Figure 74. This type does 
not show the distance traveled or the time values. It is used principally for 
studying processes and flows rather than for analyzing operations. The isometric 
flow chart is used wherever the contemplated layout extends into two or more 
floor levels. 

A simple and practical form for drawing flow charts of processes and opera¬ 
tions, together with all distances moved and elapsed time at each point, is shown 
in Figure 75. The operations can be listed in sequence with travel distance and 
elapsed time for each operation. Furthermore, all foreign and non-productive 
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operations can also be listed and symbolized. When the chart is filled out, each 
column of symbols can be totaled. In this way, the number of productive opera¬ 
tions can be shown, together with the transportation movements, inspection 
points, and storages required to complete each productive operation. 

Construction of Process Flow Charts 

For intensive study, flow diagrams of this type aid the plant layout engineer 
in visualizing tlie flow of work, detecting backtracking, spotting bottlenecks in 
production, and noticing excessive distances in transportation. Flow diagrams of 



Fiu. 77 Siugle-Htory hoaieiy mill of the Humboldt Full Fashioned Hosiery Mills, Hum¬ 
boldt, Tenn,, described in the equipment layout drawing in Figure 76. (Courtesy of Lock- 
wood Greene Engineers^ Inc., New York.) 

several different possibilities for a given sequence of operations may be roughed 
out quickly without involving elaborate detail work. When properly constructed 
and analyzed, flow diagrams point the way to the ultimate plant layout design. 

In constructing a process flow chart, the ultimate objective must be kept in 
mind at all times. It is necessary to know at the outset what the chart is intended 
to show when completed. Once the chart has been started, its growth in size 
should not be allowed to dissuade the engineer from developing it to completion. 
It is not uncommon to take the entire wall of a room for the purpose of con¬ 
structing a flow chart. To facilitate the making of a more realistic study of the 
apparatus to be manufactured in the layout, gigantic charts are often made with 
the actual component part attached to the starting point of each flow line, and 
the finished part exposed at the terminal of the line. The operations required to 
manufacture the part are fully recorded along the line. 

The ultimate use of flow charts, in plant layout engineering is illustrated in 
Figure 76, in the equipment layout of a hosiery mill. A photograph of the actual 
hosiery mill described in the equipment layout drawing is shown in Figure 77, 
where the two parallel wings of the plant are clearly recognizable. 











CHAPTER X 


Planning and Equipping 
the Work Station 

1. WORK-STATION LAYOUTS FOR PLANNING THE PLANT LAYOUT 

Short-Cut Methods of Shuffling Machine Templates 

In preparing plant layouts, the procedure is often mistakenly confined to the 
following cursory steps: 

1. Determining the principal items of equipment necessary for the layout. 

2. Making templates of these items. 

3. Arranging the templates on a floor plan until the desired layout plan has 
been obtained. 

The arrangement thus obtained by merely shuffling templates around a floor 
plan is thereupon construed as a finished layout design. 

This short-cut method has often led to untold penalties in actual operations 
after the equipment has been installed. It has invariably given rise to perma¬ 
nent excessive costs of operations which often have wiped out all the profit that 
the installation could have yielded from a scientific layout. 

Plant layouts literally thrown together in this superficial fashion fail to deal 
with the fact that, by itself, the equipment template, representing the unit of 
equipment, such as a milling machine, does not cover the entire area of the work 
station. This may be observed in Figure 15, illustrating the work-station layout 
for a milling machine. The machine by itself does not take account, in this case, 
of the workbench, two truck skids, and the tool locker required as auxiliary units 
for the operation of the machine. 

Auxiliary Units of Equipment 

There are numerous auxiliary items of equipment needed at a machine to 
service it, and many of these items require independent floor space. Items such 
as cutters, arbors, index heads, and rotary tables are examples of auxiliary units 
to a machine tool. 

The layout template of a machine represents only the amount of floor space 
occupied by the machine itself and its overhang. It does not provide working 
space for the operator, nor for the tool rack, workbench, conveyor station, and 
whatever other auxiliary equipment he may need. Nor does it provide room 
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for skid platforms which store the work in process before and after he performs 
the machine operations. The entire area occupied by the machine, the operator, 
the auxiliary equipment, and the work material is called a work station. With 
a balanced machine capacity at various operation points in a production line, 
very little storage space, and perhaps little aisle space, will be needed. 

The area occupied by the machine is therefore but a portion of the area taken 
up by its work station. In the case of one size of a Milwaukee Horizontal Mill, 
for example, the floor area for the work station is 245 square feet, whereas for 
the machine alone it is only 116 square feet, or but 43% of the work station 
area. The work station for one type of a Norton Cylindrical Grinder would 
occupy 243 square feet, but the machine itself requires only 94 square feet, 
or 39%. 

Variable Boundaries of Work Stations 

If the boundaries and equipment contents of a work station did not vary with 
the type of product and with the type of machine operations performed, a 
template of the entire work station area could be used instead of one for the 
machine only. Since the machine is the only fixed area in the work station, sta¬ 
tistics must be compiled for the remaining portions of the work-station area. 

In actual practice a separate layout is made for each work station to indicate 
the proper position of each piece of equipment and the over-all area required 
by the station. These work-station layouts are then placed adjacent to each 
other, in proper sequence, in making the floor layout. The location occupied by 
the machine itself is then identified by placing a template on the work-station 
layout. 

Standard Form for Work-Station Layouts 

Work-station layouts for a given plant layout are best made on standard forms 
and drawn to the same scale used on the final plant layout. The scale of V4 inch 
= 1 foot has been generally found the most practical. A simple type of stand¬ 
ard form used for work-station layouts is illustrated in Figure 78. When printed 
on light paper of about 13-pound rag bond, this form can be readily reproduced 
by blueprinting or similar process to provide additional copies. 

How Work-Station Layouts Are Used 

The use of work-station layouts not only aids in planning the layout, but pro¬ 
vides the time-study men, process engineers, tool engineers, quality control per¬ 
sonnel, etc., with a complete preview of the equipment requirements at each 
operator's station. From these work-station layouts, time values can be esti¬ 
mated accurately in advance and tools can be ordered before actual production. 
These layouts also permit handling methods to be carefully predetermined for 
each handling or motion. 

Last but not least, the work-station layouts eliminate the hazard of later 
^ embarrassment, when the layout is actually installed, arising from the lack of 
space for the minor things usually overlooked in the planning stage. 
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Fig. 78. Workstation layout prepared, as required, for single units of existing machinery and equipment, and for all 
additional machinery and equipment required for the projected output. 
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2. METHODS ENGINEERING PRECEDING THE DESIGN OF 

WORK STATIONS 

Confining Methods Studies to Principal Operations 

Before designing work stations or applying tentative time values to the opera¬ 
tions, a methods study of each principal operation should be made. This need 
not entail an intensive time and motion study or the use of elaborate equipment 
for motion pictures. Under ordinary circumstances, particularly when the op¬ 
erations are comparatively simple, a practical mental review of the operations 
will suggest significant improvements in the manufacturing methods selected. 
If a new layout is being made of existing operations, a satisfactory plan to fol¬ 
low is to observe the operation carefully, and, for each element of the operation, 
to attempt to answer the reason for its very existence. In other words, 'Why is 
this or that particular motion necessary?^^ 

The analytical steps generally followed by the methods engineer in developing 
a work station are outlined in Figure 79. Wherever justifiable, he makes use of 


SCTENTIFIC 

PRODUCTS 

OPERATIONS 

TOOLS 

APPROACH 

OBTAINED 

PERFORMED 

USED 



Mental, by 




obwervation 




Written 

Analysis sheet 


ANALYSIS 

Proee.ss charts 

1 Flow charts 

Man and machine charts 

1 Operation process charts 




1 Analysis and ob.servation 



Motion study 

1 Motion picture analysis 

METHODS 



1 Motion time analysis 

ENCJINEERING 

STANDARDIZATION 

1 Equipment 
Conditions 

1 Verbal instructions 



1 Methods 

Written instructions 

1 Motion-picture training 1 


TIME STUDY 


Fic. 79. Fundamental conceptfi of methods on?:ineenng analysis. 

such engineering tools as operation analysis sheets, flow charts, motion pictures, 
and job specifications. 

Points Considered in Analyzing a Work Station 

Detailed motion studies may reveal possibilities of shortening or eliminating 
certain motions in an operation. Such detail as the proper placement of tote 
pans or parts containers at the work station may materially affect the time 
required to perform an operation. A study of the sequence of operations may 
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reduce the number of .operations on the part or reduce the time on some opera¬ 
tions which follow the one performed at the work station under study. 

The tools may be found inadequate or in need of improvement before opera¬ 
tions can begin. The need for special tools is thoroughly analyzed at this point. 
Perhaps a minor redesign of the product will permit the use of standard tools 
instead of special ones. Other matters also considered in analyzing a work sta¬ 
tion are setup time, inspection methods, quality control, and material handling. 

3. METHODS AND TIME STUDY TO DETERMINE MOTION 

ECONOMY 

Functions of Scientific Time Studies 

To find the most economical way of performing an operation at a work station, 
an analysis must be made of the material worked on, the tools used, the equip¬ 
ment operated, and the manufacturing methods followed. The scientific method 
of making this analysis is through a motion and time study. Such a study 
analyzes all the movements made by the operator at the work station; reveals 
the unnecessary motions; and arranges the surviving motions in proper sequence. 
Time studies also aid in balancing the extent of work and developing rhythmic 
operations. 

The primary and ultimate purpose of a time study is to record operating time 
and to compute the time it should take to perform a certain job or operation. 
The recording is usually made from a stop watch, with the aid of motion-picture 
equipment in some of the larger plants. 

A time study normally consists of three stages: (1) preliminaries, (2) observa¬ 
tions, and (3) computations and conclusions. A descriptive outline of the tech¬ 
nique covered in each stage of a methods and time study is shown in Figure 80. 

Observations Made for a Metal-Cutting Machine 

The observations made during the course of a methods study made for a metal¬ 
cutting machine work station include an analysis of the following operating 
conditions surrounding the task: 

1. Correctness of the machine speed. 

2. Suitability and condition of the tools. 

3. Depth of cut taken into the material. 

4. Operating condition of the machine. 

5. Proficiency of the operator. 

6. Useless motions by the operator. 

7. Material handling at the work station. 

8. Light, heat, ventilation, and plant housekeeping. 

Substitute Methods of Rate-Setting 

Four other methods of setting rates are used instead of detailed time studies, 
usually in plants where standardization has not reached wide application. These 
four substitute methods, together with their limitations, are: 



METHODS AND TIME STUDY 


leo 


a. Making a pilot run. When trial lots are processed, time taken to do the 
work is actual, regardless of the eflSciency of the operation. The time it 
should take to perform the task is another matter, however, which is not 
governed by actual time. 

1. PRELIMINARIES 



Fio. 80. The technique of a methods-and-time study. 


b. Estimate by the foreman. Estimates of tliis nature usually contain guess¬ 
work and overlook many of the conditions surrounding the operation. 

c. Records of past performance. Time allowances determined in the past 
offer little incentive to eflScient operators, whereas the poorer workmen 
stand to profit greatly by simply coming up to par, thereby capitalising 
on past incompetence. 
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d. Standard indexed data supplied by equipment manufacturers or set up in 
formula form. At best, this information provides only an approximation 
of time-study rates. Because of the variable factors in equipment, tools, 
methods, operators, and conditions surrounding the operation in different 
plants, indexed data do not yet permit an accurate determination of the 
time required to do an oi)eration. 

In view of the limitations indicated above for the four substitute methods of 
I’ate setting, industry in general still favors the use of the stop-watch study as 
the most practical method of timing the operations at a work station. In esti¬ 
mating time values for plant layout purposes, however, independent of rate¬ 
setting, almost any one of these four substitute time-study methods is sometimes 
used. They are not recommended if any degree of accuracy is recpiired. 

4. DESIGNING WORK AREAS REQUIRING THE MINIMUM OF 

MOTIONS 


Minimum and Simplest Motions 

In designing the work station, the work area for the operator in tlie work sta¬ 
tion is so planned that the motions required of him are held not only at a mini¬ 
mum but also within the least complicated classes of hand motions. The simplest 
classes of hand motions are those limiting the effort to the fingers, or to the 
fingers, wrists, and forearm combined. When the upi)er arm and the body come 
into play, the motions become more complex and involved. 

Ranges for Hand Motions 

As for the range of the work area proper, Figure 81 illustrates the most effective 
normal and maximum areas for the hands when working in a horizontal plane. 



Fig. 81. Working areas for hands. Normal and maximum working areas for the hands in 

horizontal plane. 


If all operations could be performed within these areas, the operators would reach - 
the peak of motion utilization and efficiency, other factors being equal. The at- 
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tainmcnt of this ideal in the work-station layout is not so difficult as is often 
imagined. Figure 82 shows how simple and inexpensive bins can be arranged 



Fig. 82. Quickly arranged motion-economy work station. The bins are portable units in 
wliioh material ran be stored in lot quantities. By taking the proper number of bin units 
and arranging them as shown on an ordinary work table, a work station is set up which 
('inploys the principle referred to in Figure 81. Such a station can be set up in a few minutes. 

(|uickly to provide a work station that approaches this ideal principle in design. 
The entire setup can be made in a few minutes without elaborate planning. 

Material-Handling Facilities in a Work Station 

The same principle is applied to a machine work station in Figure 83 where 
the handling facilities have been arranged to permit the machine operator to 
work with a minimum of unnecessary motions. The wwk station has been so 
laid out that the operator can perform all his functions in a small radius and be 
left free to apply most of his attention to the operation of the machine itself 
rather than be concerned with material handling. The automatic chucking and 
drilling machines in this work station have been so arranged that the work is 
brought to, and removed from, the \vork station, almost to the very point of the 
work area itself. 

Advantages of a Well-Planned Work Station 

In all work station layouts, the plant layout engineer should keep in mind 
that the time required and the distance traveled in the course of manufacturing 
a product directly affect the production cost of that product. A well-planned 
work station offers the following advantages: 

1. Eliminates wasted motions in handling material. 

2. Increases output without increasing effort. 

3. Raises the morale of the worker. 

4. Improves the housekeeping of the plant. 

5. Permits easier supervision. 

6. Reduces fatigue of operation. 

7. Keeps work spoilage at a minimum. 
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Other equipment, such as adjustable chairs with back rests, fluorescent light¬ 
ing, and proper heating and ventilation, aids materially in building up operating 
eflSciency and employee morale. 



Fig. 83. Haadliug facilities at woik station. The principle of work-station layout has been 
applied so that the operator can perform all his functions in a small radius and apply most 
of his attention to the operation of the machine itself without being concerned with material 
handling. {Courtesy of Wpshnghnuse Corporation, Pittsburgh.) 


5. DETERMINING THE OUTPUT CAPACITY OF WORK STATIONS 
Subdivisions of a Factory Layout 

As already indicated in Chapter III, a work station does not always have only 
one operator and one machine in it, besides storage space for work in process and 
supplementary apparatus. An operator may tend a group of machines, or one 
machine may be tended by a group of operators. The working area then be¬ 
comes something more than a work station. It is then considered a production 
center. A number of production centers constitute a labor group, and a number 
of labor groups usually make up the cost center used by the accounting depart¬ 
ment. A number of cost centers make up a shop department, and a number of 
shop departments become a production line. 

In gathering statistics on production it is necessary to keep these subdivisions 
clearly in mind, because production statistics are usually available only in terms 
of units of finished apparatus in a given production line. A factory layout, 
therefore, is principally a succession of production centers planned in detail on 
individual work-station layouts. 
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Output Capacity of Production Centers and Work Stations 

The capacity of each production center must be known, so that a sufficient 
number of each kind may be provided for in the layout to maintain a balance in 
the flow of production. Time studies are recognized as the best source for secur¬ 
ing this information. The productive capacity of all equipment in the layout 
should be known. The output obtainable from the layout would be difficult to 
determine without an accurate knowledge of the capacity of each production 
center and work station. 

The work-station layout eventually becomes the basis for setting up the ma¬ 
chine load chart in production control. The coding of machines and production 
centers is an important function of the more advanced type of production con¬ 
trol. The dispatch stations and material handlers depend on these indices for 
their guidance. In practice, the foreman makes a daily survey of each work 
station to determine the number of jobs in process at each work station, the 
stations that are idle, and the amount of direct labor that has been assigned to 
each station. 

6. SERVICE FACILITIES REQUIRED WITHIN WORK STATIONS 
Material-Handling Facilities 

After the necessary time studies have been made to determine the elements 
of the principal operations, the design of the work station constitutes the first 
major starting point in planning the plant layout. The material-handling fa¬ 
cilities for each work station must be integrated into an over-all system serving 
a number of successive work stations and at the same time providing for the 
specific requirements within each station. An illustration of the necessity for 
this prerequisite in work-station design is given in Figure 84. This particular 
work station utilizes an indexing fixture, an apron conveyor, and special racks for 
storing work in process used in making porcelain insulators. By making the 
material easily accessible to the operator, the amount of manual material han¬ 
dling at the work station is kept at a minimum. 

The material used at the workplace must be brought there from somewhere 
and later taken away to somewhere else in the plant. Transporting material to 
and from a work station is accomplished in several ways, such as by truck skid, 
by conveyor, by monorail, by gravity chute, and by sliding along a workbench, 
to name only a few’ methods. Containers used in the conveyance of this mate¬ 
rial may consist of several types, such as tote boxes, skid boxes, breadpans, reels, 
rolls, trays, etc. 

Storing Material at Work Stations 

Material received at the work station has to be stored there temporarily while 
the operation is being performed. Provision has to be made for storing the ma¬ 
terial within easy reach of the operator if manual material handling is to be kept 
^t a minimum. A fully automatic bar feed designed to eliminate manual load- 
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ing on screw machines is illustrated in Figure 85. Space for the operator's tools 
must also be allowed for in the work area, and a workbench may also be required 
in the area. 

When the operator does not have to search-find-select materials for an opera¬ 
tion but can blindly or subconsciously reach and grasp each part, he develops a 



Fig. 84. Work station utilizing an indexing fixture, an apron conveyor, and special racks for 
work material used in making porcelain insulators. 

stride and a sort of ‘'mechanical sense” which greatly lessen effort and fatigue. 
He is thereby enabled to increase his output and earnings without increasing his 
effort. The storage plan at the work station permits the operator's two hands 
to be kept productively engaged a maximum of the time. 

Workbenches 

The area normally allowed as bench space for an operator is 36 inches in 
length by 30 inches in depth by 34 inches in height. The bench top is normally - 
made of 2-inch pine planking covered with hardwood or ^-inch pressed wood 
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edged with a %-inch molding. For special purposes the bench top may be of 
metal. The bench is usually equipped with metal legs. Some workbenches range 
from 6 to 12 feet in length, depending upon the number of operators to be 
accommodated. 

The workbench area allowed within a work station should include provision 
for tools, fixtures, parts storage, and the space utilized for productive work. 



Fio. 85. Rcmovbiu malciKil hondlin(/ nl the viachine. To eliminate productive time lost in 
manually loading bar stock into automatic screw machines, a fully automatic pneumatic bar 
feed has been designed which holds a normal 8-hour run of stock. The time required to load 
the bar feed itself or to change stock from one size to another ranges from 5 to 15 seconds. 

{Courtesy of Lipe-Rollway Corporntion, Syrariise, N. V.) 


The prepositioning of tools and material for the operator is conducive to his de¬ 
velopment of a stride, or ^^work rhythm/^ which lessens fatigue by ])ermitting a 
smoother sequence of motions. 

Ample knee space at the workbench and good lighting for the operator are also 
prerequisites. For most assembly work, approximately 30 foot-candles of light 
are usually sufficient. 











CHAPTER XI 


Inlernal Transportation 
of Plant Material 

1. WEIGHT, FREQUENCY, AND TRAVEL OF MATERIAL HANDLED 

IN A PLANT 

The Chicken or the Egg 

The interrelationship that exists between material handling and plant layout 
has a parallel in the field of economics. For years economists have been debat¬ 
ing whether cost determines price or price determines cost in marketing a product. 
The question of whether plant layout determines material handling or material 
handling determines plant layout is likewise debatable. Unlike economists, how¬ 
ever, engineers are prone to dismiss the moot aspects of a problem and are 
more inclined to settle a problem rather than argue about it for years. The fact 
is that an improvement made in material-handling methods usually affects the 
plant layout, and changes made in the layout invariably influence material- 
handling methods. It seems to matter but little which change comes first, so 
long as the end result is the same. 

Definition of Material Handling 

Material handling within the plant may be defined as the transportation and 
movement of material, whether raw, worked, or finished, on the plant premises. 

Each time the material is lifted or laid down, piled or unpiled, loaded or un¬ 
loaded, transported vertically or horizontally from one position or location to 
another, fed into or removed from a machine, placed into or removed from stor¬ 
age, or moved in any way whatever, it undergoes a ‘‘handling.^^ 

Number of Handlings per Material Unit 

The number of times a material unit is handled during the course of a manu¬ 
facturing cycle varies with each type of unit and with each system of material 
handling. As many as 150 handlings are given relatively simple units in some 
plants. 

Flow of Material through a Plant 

In a representative flow, the material is first unloaded from a freight car or 
motor truck, placed on skids, moved by fork truck to an inspection point, un¬ 
loaded for inspection, reloaded onto the skid, lifted by fork truck, trucked onto 
an elevator, transported to another floor, lifted by fork truck, trucked to a store- 
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room, unloaded from the skid, and stored into bins. It is later reloaded onto a 
skid, trucked to a work station, unloaded from the skid, placed on a machine, fed 
into the machine, removed from the machine, reloaded onto a skid, and moved to 
the next operation. A similar number of handlings is involved at ?ach processing 



Fig. 86. Types of overhead and mobile cranes. 

and assembling operation, inspection point, packaging point, temporary storage 
to await shipment, and finally on the shipping platform, when the finished product 
is loaded into a freight car or motor truck for outward shipment to customers. 

Tons Handled per Ton Shipped 

For every ton of material shipped, therefore, there are many tons of material 
weight handled. When a product goes through 100 handlings during the course 
of its manufacture, roughly 100 tons of weight are handled in the plant for every 
ton shipped. Recent studies reveal that for every ton of finished product shipped 
in metal-working industries, the equivalent of 50 tons of material are handled. 
^ This ratio may be roughly ascertained for any product by making the follow¬ 
ing simple calculation. Let 
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A = the average number of handlings on each operation. 

B ~ the average number of operations on each component part. 

C = the number of component parts in the finished product. 

D = the average weight of each component part. 

E = the number of finished products manufactured. 

F = the average weight of the finished product. 

Then: 

Ax BXCXDXE tons handled 

-^^-^^^ _ ratio 

E X F tons shipped 

Material Handling Adds Cost with No Sales Value 

When 50 tons of material weight is handled in manufacturing 1 ton of finished 
])roduct, only 1 ton of this handling brings in a return in the form of sales 
value. This ton is the one shipjied in the form of finished product. The othoi 
49 tons handled only add cost to the 1 ton of product shipjied. Material-handling 
operations do not change the form or otherwise convert the material in the cycle 
of making the finished product. These handlings occur mostly while trans- 
])orting and positioning the material for processing and assembling operations. 

In so far as processing and assembling are concerned, many of these handlings 
can be dispensed with so long as the material is found at the right place, in the 
right position, at the right time, and in right quantities. The planning required 
to fulfill these requirements is done by designing appropriate material-handling 
systems on the plant layout. 

Plant Layout Approach to Material Handling 

Until such time as material-handling problems arc analyzed and solved through 
a thorough engineering approach and plant layouts arc designed from factual in¬ 
formation derived from this api)roach, many a plant will continue to handle 
thousands of tons of material unnecessarily each day. Throughout his planning, 
the plant layout engineer must keep foremost in his mind the axiom that the time 
required and distance traveled in the course of manufacturing a product directly 
affect its cost of production. 

Mileage Traveled by Work in Process 

The line of flow of material in processing a product runs into as many as 15 
miles in some plants. It is not uncommon to shorten the line of flow by 50 or 75 
percent by better material-handling planning and more adequate plant layout 
design. 

2. TRANSPORTATION BURDEN ON OUTPUT SPEED AND COST 

More Time in Handling than in Processing 

In traveling through the manufacturing cycle, materials move from storage 
to processing operations, from one work station to another, thence through as--» 
sembly and packaging, and finally into temporary storage while waiting to be 
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Aircraft engines move 
on doilies as assembly proceeds. 



Thermos jugs 
conveyed into 
an overhead 
infrared oven, 
saving floor space 
as welt as obtaining 
continuous «flow 
processing. 


s' 


\ :! !>' 




A symphony in 
tool engineering: 

154 feet long, 
automatic operation; 

composed of 33 
separate machines 
processing aircraft*engine 
cylinder heads. 


A confnuous fur dryer 
handling from 5,000 
to 8,000 pelts per hour. 
Drying time cut from 
24 hr. to 15 mm 







Fia. 87. Types of overhead and floor-mounted conveyors. 
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shipped out as finished products. It is evident from this flow that materials are 
in transit at many points along the processing route. 

While being thus transported or placed in temporary storage during the manu¬ 
facturing cycle, materials are not being processed. Studies of these movements 
indicate that, in traveling through a plant, materials generally are actually 
worked on only one-third of the possible time, the other two-thirds being con¬ 
sumed by material handling or temporary storage. 

The speed of production is therefore confined to only one-third of the time 
that the material is flowing through process. Not until the flow of material is 
co-ordinated with the speed of the processing equipment can an appreciable dent 
be made in the two-thirds of the time now taken up by material handling and 
storage. By setting the pace of material handling through a well-engineered plant 
layout, experience in many industries, notably in the meat-packing, automobile, 
chemical, and food industries, has shown that the manufacturing cycle can usually 
be shortened to eliminate much of the two-thirds of the time the material is not 
being worked on. 

Cost of Material Handling Not Revealed in Accounting 

The amount of money being paid to skilled operators for portions of their time 
si)ent in material handling at work stations is classified as, and buried in, pro¬ 
ductive labor in cost-accounting practice. How much of this labor exists in a 
plant remains unknown unless special studies are made at each work station. 
Ordinarily much of time thus spent by skilled labor could either be eliminated 
through proper material-handling equipment or at least be performed by un¬ 
skilled labor. 

A thorough plant layout study of work stations often reveals that simple 
changes in the arrangement of machinery to improve material handling can pro¬ 
duce significant savings in operating cost without investing in material-handling 
equipment. High-si)eed semi-automatic machines are frequently slowed down 
by such trivial matters as: 

a. Improper stationing of machine operators. 

b. Awkward i)ositioning of materials, thereby occasioning unnecessary 
reaching. 

c. Lack of co-ordination between production and shipment. 

d. Irregular flow of materials brought to and taken from the machines. 

Many an otherwise highly efficient machine has never demonstrated its true 
worth, or has failed to justify the investment made in it, because of the existence 
of controllable factors such as these, which a proper work-station layout would 
have revealed and caused to be removed. Not many people realize that all 
material-handling and processing operations could be mechanized to the point 
where labor effort could be entirely eliminated and manufacturing could be car¬ 
ried on exclusively by feeding the material automatically from operation to oper¬ 
ation. In certain types of machinery, notably those for making incandescent 
lamps and for bottling beverages, roughly 90 percent of this goal has already-^? 
been reached. This is the new science called “Automation.” 
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Fia. 88. Applications of floor-mounted conveyors. 
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Portion of Payroll Spent for Material Handling 

The share of the wage dollar spent by industry for material handling has been 
variously estimated for different industries. The figure generally used at present 
for all industries is 40 percent. This means that 40 percent of a plant^s labor 
payroll is spent for material handling alone. This expenditure adds nothing to 
the sales value of the product, and can price some products, or even entire plants, 
right out of the market. 

The large portion of the plant payroll incurred for material handling, and the 
revolutionary improvement that can be made in material-handling methods 
through the wide variety of material-handling equipment available today, com¬ 
bine to offer industry a virtually unexplored opportunity for major cost reduc¬ 
tions. By applying sound principles of material-handling analysis and plant 
layout engineering, this opportunity presents a tangible challenge to the pro¬ 
gressiveness of present-day management. 

3! LAG IN EFFICIENCY BETWEEN MA FERIAL HANDLING 
AND PROCESSING 

High-Speed Processing and Antiquated Handling 

Much has been written about the Industrial Revolution which was ushered in 
on a practical scale with the factory system around 1840. Little has ever been 
said, however, about the fact that processing operations have greatly out¬ 
distanced handling operations in the years that have elapsed since then. Yet, 
as already indicated in the preceding section, material-handling labor today 
accounts for roughly 40 percent of the labor payroll in American manufacturing 
industries in general. 

In fact, the feeling is rapidly developing in many quarters that our automatic 
and semi-automatic machines are beginning to lose some of their superior value 
because of the mounting problems of transporting materials to and from these 
highly developed fabricating units. Scarcely a processing or assembly opera¬ 
tion is performed today that has not been minutely time-studied in terms of 
man-hours expressed in four decimal places. But this searching analysis seems 
to have completely by-passed material-handling operations, which amount to 40 
percent of a plant’s wage dollar. 

In analyzing manufacturing operation costs, our effort has been largely centered 
on such machine operations as milling, drilling, cutting, grinding, turning, finish¬ 
ing, stamping, etc., plus most types of assembly operations. Comparatively little 
thought has been given to material-handling operations, such as picking up, lay¬ 
ing down, lifting, carrying, reaching, feeding, hauling, moving, pushing, pulling, 
heaving, dragging, storing, etc. 

Slow Acceptance of Mechanized Handling 

Engineering design of material-handling equipment over the past 50 years has 
not lagged behind the improvement made on processing machinery. The de- 
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Fig. 89. Types of chain-drive and screw-drive conveyors. 
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ficiency in improving material-handling systems is mostly attributable to four 
basic weaknesses in industry’s modernization programs before World War II: 

а. Unfamiliarity with the material-handling equipment available. 

б . Lack of proper application of such equipment. 

c. Failure to properly design the plant layout to permit this equipment to 
actually reduce or eliminate material-handling operations. 

d. Neglect to mechanize the material-handling operations (through the use 
of modern material-handling equipment) remaining after eliminating the 
unnecessary ones. 

Modernized Handling of War Production 

The unprecedented production demands of \\’orld War II awakened tlu* col¬ 
lective mind of manufacturing industry to the hitherto unrecognized importance 
of material-handling improvements in reducing costs and increasing the efficiency 
of production. Before that time, industry had been buying material-handling 
equipment on the basis of what today would be considered vague and arbitrary 
recommendations. Engineers and shop supervisors would simply request that 
cranes be installed for this or that job, a conveyor placed here, a hoist there, 
lift trucks purchased for this w^ork, or a chute for that work. 

Little, if any, attempt was made to appraise these recommendations in terms 
of specific measurements of the amount of material-handling work involved, and 
for what duration. Nor was a sound comparison made of operating costs and 
relative savings under the different types of handling which could perform the 
task for which the equipment was recommended. This haphazard, piecemeal ap¬ 
proach to material-handling problems has caused the hidden opportunities for 
reducing operating costs to be generally overlooked. 

4. CLASSIFICATION AND APPLICATION OF MATERIAL-HANDLINO 

EQUIPMENT 

Extent of Mechanization of Handling 

For the purpose of reducing the rising cost of handling material and of ex¬ 
pediting the flow of material through the successive stages of manufacturing, 
various mechanical devices have been developed since 1920. A variety of some 
300 major mechanical handling devices are on the market, and many of them have 
overlapping applications. 

It is not always necessary to mechanize a handling operation in order to re¬ 
duce costs. Often a well-planned rearrangement of the plant layout uncovers 
savings which may be realized without investing in handling equipment. There 
is such a thing as overconveyorizing a plant or of overequipping a plant to the 
point where the equipment requires more maintenance cost than was saved in 
handling cost. Such situations have developed in some plants largely as the re¬ 
sult of the lack of a proper layout design, or of arbitrary decisions made under 
force of circumstances, or of high-power salesmanship by irresponsible equip¬ 
ment suppliers’ representatives. 
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Classification of Material-Handling Deyices 

The various kinds of material-handling devices may be classified into four 
broad categories according to the mobility of the equipment: (a) either mobile 
or fixed, (b) mobile, (c) fixed, and (d) nciiscellaneous. 

Major Groups of Equipment 

Each category is generally subdivided into major groups, of which there is 
a total of 12: 


THE 12 MAJOR GROUPS OF MATERIAL-HANDLING EQUIPMENT 


A. Either mobile or fixed 

1. Cranes 

2. Conveyors 

B. MobUe 

3. Tractors and trailers 

4. Trucks, skids, and pallets 

5. Railroad equipment 

6. Tiering machines 


C. Fixed 

7. Lifts and hoists 

8. Monorail systems 

9. Pneumatic systems 

10. Chutes 

D. Miscellaneous 

11. Industrial storage facilities 

12. Process-handling equipment 


Types of Devices 

Each of the 12 major groups is in turn broken down into component types of 
(h'viccs in Table 5. For example, there are 11 types of cranes, 8 types of con¬ 
veyors, and 5 types of tractors and trailers. In all, there are 75 recognized types. 

A further refinement of the 75 types is made, also in Table 5, in terms of 
different items of equipment. The total of these items amounts to 300. 

As an example of the classification employed in the table, let us examine 
major group 1—CRANES. The table classifies cranes into 11 types as follows: 


1 . Overhead bridge, traveling. 

2 . Overhead bridge, non-traveling. 

3. Gantry, traveling. 

4. Gantry, fixed. 

5. Jib. 

6 . Pillar. 


7. Locomotive (crane). 

8 . Derrick (crane). 

9. Special (crane). 

10. Cableways, suspension. 

11. Cableways, tramway. 


The table then subdivides each type into its different items of equipment. 
For example, Type 3, Gantry Traveling Cranes, are subclassified into the fol¬ 
lowing 4 different items: 


1 . Portal. 

2 . Semi-portal. 


3. Portable. 

4. Folding jib. 


Photographic illustrations of some of the different items of material-handling 
equipment are given in the following 6 figures: 

Figure 86. Types of overhead and mobile cranes. 

Figure 87. Types of overhead and floor-mounted conveyors. 
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Figure 88. Applications of floor«mounted conveyors. 

Figure 89. Types of chain-drive and screw-drivc conveyors. 
Figure 90. Types of tractor-and-trailer trains. 

Figure 91. Types of skids, lift trucks, and tiering machines. 



Fig. 90 Typos of traotor-and-trailer trains. 


The information in the table has been compiled with the assistance of technical 
advisers of the Westinghouse Electric Corporation, representatives of various 
industries, publishers of trade magazines, manufacturers of material-handling 
equipment, manufacturers’ national associations, and various engineering so¬ 
cieties. With such information at hand, an opportunity is provided the plant 
layout engineer to take a bird’s-eye view over the whole field of material-handling 
equipment from which to make a tentative selection of the various devices ap¬ 
plicable to the job under consideration. Out of this tentative selection will 
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emerge the ^^one best” device for the particular plant layout being developed. 

The final selection of the “one best” device, however, is not made until all 
the cost and performance factors surrounding the given application have been 
thoroughly evaluated. This analysis constitutes the only positive approach to 
the proper planning and selection of material-handling systems. 

5. FACTORS CONSIDERED BEFORE RESORTING TO MATERIAL- 

HANDLING DEVICES 

Material Handling by Machine Operators 

When the total cost of material handling becomes known in a plant, a change 
in layout usually follows. In this cost must be included not only the transpor¬ 
tation of material from one location or operation to another but also the handling 
done by each operator at a work station. 

In most processing and assembly operations, the operators must handle ma¬ 
terial. They pick it up or lay it down, feed it into the machine or assembly 
unit, remove it from the machine, etc. The extent of handling by the operators 
is dependent largely upon the layout of the work station and the plant layout of 
the adjacent areas. The cost of this handling is not revealed in cost accounting 
and must be ascertained by observation or time study. 

How the Investment Pays for Itself 

The plant layout change that usually follows upon learning the total cost of 
material handling inevitably calls for investing money for material-handling 
devices. Investing, for example, $50,000 to save $50,000 in operating cost over 
two years, or at the rate of $25,000 a year, increases net profit by $25,000 a year 
for each year beyond the initial two years. When the investment thus pays for 
itself in two or three years of operations, after which it begins to yield an in¬ 
crease in yearly net income for the years that follow, the size of the amount so 
invested, be it $50,000 or $500,000, so long as it can be funded, is not so specu¬ 
lative as it might appear. That amount of money will be spent anyway. It 
will either be lost forever in the form of excessive material-handling costs charged 
to operations, or it will be saved and invested in the purchase of equipment that 
will not only pay for itself but afterwards increase the net income. 

In recommending a new material-handling system, however, note must be 
taken of the fact that simplified handling is not necessarily conducive to eco¬ 
nomical handling. The operating characteristics of the equipment as applied to 
the task to be performed constitute but one of two major factors to consider in 
selecting the most suitable material-handling method. The other major factor is 
the amount of investment to be made for the equipment and the period over 
which this investment can justifiably be amortized. 

For example, in choosing between trucks and conveyors for a job that is not 
expected to last more than a year or two, the fixed-conveyor system would have 
to pay for itself entirely within the first or second year. The trucks, on the other 
hand, could be used for other purposes at the end of that period and could thus 
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be amortized over their full operating life. In this case, even though the handling 
would be more greatly simplified by using conveyors, it is more economical to 
use trucks. 



Fig. 91. Typos of skids, lift trucks, and tiering machines. 


Estimated Savings and Hidden Added Costs of a Project 

The president of a national manufacturing company once stated that if all the 
estimated savings projected in the appropriations approved in his company over 
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a period of ten years were to materialize actually, that figure would be enough to 
retire all the employees on a comfortable income for life. This situation is far 
from unique. On the contrary, it may be considered as being typical of what 
goes on continually in many progressive' concerns. 

The general tendency, which is also a natural one, to stress the savings angle 
often eclipses the hidden added costs, such as increased fixed charges, ill-timed 
obsolescence, and unforeseen changes in processes. A sound approach to the 
problem of selecting the most suitable material-handling system for a plant 
layout must therefore take into consideration not only the engineering aspects 
of the handling but also the entire economic appraisal of the various material¬ 
handling systems that lend themselves to the job to be performed. 

Eliminating Handling before Buying Devices 

Before undertaking the selection of material-handling devices for a plant lay¬ 
out, a number of corrective measures in the processing operations themselves 
need to be explored thoroughly. This initial approach consists primarily of 
analyzing the processing operations for the purpose of reducing the material- 
handling problem to a minimum before resorting to the purchase of mechanical 
devices. In other words, many material-handling operations can be reduced or 
eliminated before seeking a solution in the field of material-handling devices. 

Corrective Measures Which Eliminate Handling 

The common points to analyze and correct before thinking about material¬ 
handling equipment are the following: 

a. Number of operations. A reduction in the number of processing opera¬ 
tions will reduce the number of handlings in direct proportion. 

b. Sequence of operations. By changing the sequence of processing opera¬ 
tions, the number of handlings and the distance traveled may often be 
materially reduced. 

c. Combination of parts. By combining component parts into a new part of 
greater size and weight, there will be fewer parts to be handled, and the 
number of handlings will be reduced commensurately. 

d. Redesign of tools and dies. By redesigning the dies, the number of punch¬ 
ing and forming operations may be reduced. As indicated in point a. 
this will reduce the number of handlings in direct proportion. Moreover, 
a reduction in the number of die operations means less machine setups 
and more productive time available on the machinery. 

e. Redesign of the product. A change in the design of the product may fa¬ 
cilitate material handling in the following respects: 

1 Changing from fragile to sturdier material may speed up the handling. 

2. Reducing the thickness of the material would lighten the loads to be 
handled. 

3. Changing to a tougher finish will reduce the need for unusual care 
in handling. 



194 


INTERNAL TRANSPORTATION OF MATERIAL 


Having considered these factors, and thereby reduced the number of handlings 
and the length of distance traveled to the lowest degree compatible with sound 
processing practice, an analysis may now be made of the remaining material¬ 
handling requirements. In making this analysis, not only are the operation char¬ 
acteristics of the various material-handling devices compared, but also the op¬ 
erating and maintenance costs of each type of equipment that is considered for 
the job. 



CHAPTER XII 


Planning the Material-Handling Project 

1. ANALYZING THE MATERIAL-HANDLING REQUIREMENTS 

FOR A LAYOUT 

Selecting the Handling System 

To plan the type of material-handling sysi^em which will come nearest to 
being the most suitable, practical, and economical plan, a definite set of con¬ 
tributory factors must be examined and co-ordinated. Many of these factors 
are often overlooked or blindly bypassed, with the result that recommendations 
are based largely on superficial observations. A scientific analysis of a material¬ 
handling problem usually reveals the fallacies contained in superficial conclusions. 

For example, a recommendation that a conveyor be placed in a certain loca¬ 
tion, without analyzing the frequency and permanence of the use to be made of 
this conveyor, does not take into account the possibility of greater over-all 
benefits which may be derived from using equipment of greater mobility and 
flexibility, such as industrial trucks. For these and other reasons to be explored 
in the present chapter, the facts underlying a material-handling operation, or 
cycle of operations, must be analyzed and co-ordinated as accurately as is done 
with the data that determine machine loads and processing sequence. 

Material Handling and Plant Layout 

It is generally recognized that all the factors that affect material handling 
are fundamentally concerned with plant layout. Needless handling operations 
can frequently be eliminated when the movement of materials is carefully 
studied for the purpose of tying in the material-handling operations with the 
layout of the production floor. This leads particularly to the elimination of 
“bottlenecks,” that is, places where production tends to slow down because of 
the piling up of materials in process. 

When material handling is studied in relation to the layout of the plant as a 
whole, potential bottlenecks are minimized. The first step in the analysis of 
any material-handling project must therefore always be a consideration of the 
flow of material through the various processing operations. In practically every 
instance, the solution of the material-handling problem requires the relocation 
of some of the existing facilities, and the corresponding rearrangement of the 
plant layout. 
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Fig. 92. Check-list oj data required for a material-handling project. 
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Integration of Component Parts and Separate Handlings 

Most problems of handling usually involve more than one material item and 
more than one handling for each item. Material items are rarely received, 
processed, stored, and shipped out in a continuous flow or on the same day. 
Some material items are received in large quantities, stored, and later processed 
in smaller quantities. Others are received and processed the same day and are 
then placed in storage to await assembly or shipment. 

Integrating the elements of a given production line into a final assembled unit 
is an engineering problem of the highest order. Planning the handling of ma¬ 
terial through the flow of production is inseparably dependent on the arrange¬ 
ment of the plant layout. The layout must therefore take into account the 
work-simplification techniques not only of processing and assembly operations 
but also of material-handling operations. 

Check List of Material-Handling Factors 

A check list of the various factors that generally enter into the development 
of most material-handling projects in industrial plants and commercial ware- 



Fig. 93. Scope of material-handbug projecU in modernizing a plant is illustrated here with 
the outside view of an old-style brick plant, as contrasted with the aerial view in Figure 94 
of a modern refractories plant. {Courtesy of Harbisori’-Walker Refractories Company.) 

houses is contained in the chart shown in Figure 92. Specific industries may add 
special factors here and there which appertain particularly to their problems, but 
none of the factors outlined in the chart can be left out without sacrificing the 
quality and applicability of the analysis. A glimpse of the scope of material¬ 
handling problems involved in modernizing a refractories plant is provided in 
Figures 93 and 94. The four main categories of factors listed on the chart are: 
(1) material and container; (2) building characteristics; (3) equipment operating 
cost; and (4) handling activity and cost analysis. 

These factors are discussed in detail in the following four sections which make 
up the remainder of the present chapter: physical aspects of the material and 
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its container; building characteristics and safety factors; fitting the equipment 
operations to the volume of activity; and labor cost, equipment operating cost, 
and net benefits. 



Fig. 94. Modem refractories plant. Practically all processes are housed in one building. 
Raw material is received in hopper cars on railroad siding, crushed as received, and conveyed 
to many separate piles in raw storage building on the right. The material is reclaimed by 
scoop trucks and delivered by belt conveyors into bins in high part of main building. It is 
then ground to required fineness, screened, mixed, pressed, and set directly on tunnel kiln 
cars at the presses. The material then passes on the kiln cars through driers and tunnel 
kilns, at a temperature of from 2000® to 3000® F. {Courtesy of Harbison^Walker Refractories 

Company.) 


2. PHYSICAL ASPECTS OF THE MATERIAL AND ITS CONTAINER 
Variety of Physical Aspects 

In any material-handling project, the first things to be considered are the 
physical aspects of the material itself, such as fragility, corrosive and com¬ 
bustible qualities, shape, size, weight, and whether in a solid or liquid state. This 
involves consideration of whether the material is to be moved en masse or by 
individual units, such as a piece part or a subassembly, or whether the material 
is to be placed in containers, such as tote pans, kegs, pallets, or skids. The care 
and condition required for the material, such as temperature, humidity, and 
shock, are also factors to be studied at the outset. Processing operations, such 
as drying, shaping, and hardening, may be performed during the transportation 
of the material. 


Case Analysis for Handling Steel Tanks 

To illustrate the type of data called for under heading 1, Material and Con¬ 
tainer, in the check list of Figure 92, let us take the following actual example: 


1. MATERIAL AND CONTAINER 


Description of material: 
Physical condition: 
Shape: 

Size range: 

Weight range: 
Description of container: 


Steel tanks 
Painted 

Basically round 

12 inches dia. X 24 inches long, to 22 inches dia. X 42 inches 
long 

20 to 130 pounds 
Pallet 
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Construction of container: Wood 
Size of container: 48 inches X 48 inches 

Weight of empty container: 180 pounds 
Container packing: 7 tanks (average) 

Disposal of empty containers: Returned on caster trucks 

Description of material. Only a general description of the kind of material. This could 
be canned goods, bottled goods, castings, wire, eggs, hay, flour, cloth, paper, tar, acid, tobacco, 
ingots, bar stock, sheet stock, frames, motors, hatch covers, tires, etc. 

Physical condition of the material covers such physical attributes as liquid, molten, frozen, 
perishable, granular, wet, inflammable, powdered, explosive, fragile, and hot. 

Shape of material, such as bar, sheet, round, cubical, bundle, bunch, roll, reel, and bulk. 

Size of a material unit is expressed in such terms as pipe lengths, roll sizes, reel sizes, box 
dimensions, board lengths, bulk granules, bulk liquid, and continuous length. 

Weight range of individual material units or piece parts, whether handled singly or in 
containers. Weight is expressed in tons, pounds, or ounces, depending upon the relative 
size of the material unit. 

Description of container is expressed in brief terms, such as bale, bag, bolt, ream, roll, 
crate, box, pallet, skid, carton, roll, reel, keg, and barrel. 

Construction, size, and weight of container are self-explanatory. 

Container packing means simply the number of material units or pieces held or carried in 
one container, such as pallet of 7 tanks, carton of 24 cans, keg of 100 pounds, and reel of 
500 feet. 

Disposal of empty containers is indicated in order that proper provision be made in the 
plant layout for the handling of empty containers at the termination of each material¬ 
handling or manufacturing cycle. 

Handling of Empty Containers 

The first basic decision with regard to the handling of individual items con¬ 
cerns the container in which the material is moved. If new containers are needed, 
consideration must be given to the facilities for storing these containers between 
production operations. The containers must therefore lend themselves to tiering 
and inexpensive return transportation to the starting point. Other considerations 
given the containers are as follows: 

а. Are the containers too large or too heavy? 

б. Do the containers necessitate manual removal of material in order to 
empty them into hoppers? 

c. Could the vendor's containers be changed in size or design to facilitate 
material handling? 

Skids and Pallets 

Material can often be moved more easily and quickly if placed on skids or 
pallets or in unit loads, as illustrated in Figure 95 for grocery merchandise in 
wholesale warehouses. The illustrations in this figure compare the different 
ways of handling skids and pallets in receiving, hauling, storing, and distributing 
grocery merchandise in a warehouse. 
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1. Receiving Goods 

Skids are taken into the car or dray and loaded with 
as many as 100 cases of goods. This process differs 
with pallets only in that pallets are usually smaller, 
hold less, and therefore more of them are needed for 
a drayload or carlot of incoming merchandise. 



2. Hauling to Storage 

With either skids or pallets, the load is hauled to 
storage or to the assembly line, but when skids are 
used, the hauling is sometimes done by men using 
manual jacks. In some instances the hauling is done 
by automotive lifts, as in chain-store warehouses. 
The streamliners use either skids or pallets and 
handle them with such automotive machines as plat¬ 
form lifts or fork trucks. These machines do the 
hauling, and, in the case of high-lift platforms or 
fork trucks, they do the lifting too. 


3. Stacking in Storage 

With either skids or pallets, the goods are then stored 
or placed on the assembly line. Skids are sometimes 
high-stacked in the reserves but nex er on the assem¬ 
bly line. Thus the job of replenishing the line is 
finished when the jack or machine places the skid on 
the floor. But with pallets there is always high-tier¬ 
ing, both on the line and in the reserves, and pallets 
can only be handled by a fork lift in such work. But 
if the haul is long and the aggregate tonnage is large, 
the fork may be supplemented by a tractor-trailer 
train for the hauling. 


4. Feeding Assembly Lines 

When goods are placed on the floor on skid-type 
assembly lines, the skids are set directly on the floor, 
and no great part of the cubage of the warehouse is 
used, nor can it be, for the wholesaler does not want 
an oversupply of any item on the line to increase 
its length, thus increasing the cost of the minimum 
order-picking walk. But with pallets the goods are 
placed on one of three levels. The two lower levels 
may be active stocks, or the two upper may be 
storage stocks. Storage on the line is an advantage 
with pallets and a disadvantage with skids. 


Fig. 96. Uses made of skids and pallets in wholesale grocery warehouses. (17.5. Dept, of 
Commerce, Industrial Series No. 18.) 
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3. BUILDING CHARACTERISTICS AND SAFETY FACTORS 
Drawings 

When a request for a material-handling analysis is received, the first thing the 
plant layout engineer does is to obtain drawings showing the building construc¬ 
tion. These are needed for an understanding of the characteristics of the build¬ 
ing that houses the operations being performed. When multiple building opera¬ 
tions are involved, the plot plan is also obtained. This gives the engineer a per¬ 
spective of the relative location of the various buildings. 

It is also necessary to obtain a reasonably exact plant layout drawing show¬ 
ing the relative position of the various production operations and the flow of the 
product from operation to operation. A study of this layout will bring out the 
geographical aspects of the problem. When studied in conjunction with the 
building construction drawings, the layout provides the engineer with a full con¬ 
ception of the physical scope of the problem. 

Building Characteristics 

In conjunction with these plans, the plant layout engineer must also obtain data 
on building elevation, ceiling heights, column spacing, structural strength, door 
openings and clearances, aisles, ramps, floor-load capacities, elevator capacities, 
location of service facilities (communications, water, electric power, and lighting 
conduits), location of ducts, and process characteristics that might influence 
his recommendations. For much of this information, the plant layout engineer 
must rely on his practical experience in plant layout and on his knowledge of 
material-handling systems. 

Before attempting to select any single piece, or combination of pieces, of ma¬ 
terial-handling equipment to do a particular job, these building characteristics 
must be analyzed in relation to each other. The most economical equipment, 
from the standpoints of labor cost and operating cost, may be priced out of con¬ 
sideration by the capital investment in building alterations required to permit 
the use of the equipment. 

Traffic Hazards 

Whether he is analyzing the loading platform, production area, or warehouse 
space, the engineer must know about the doorways and elevators. Consideration 
must be given to separate entrances for pedestrians and trucks. Automatic doors 
for the opening and closing of truck entrances help greatly in eliminating hazards. 
Elevation of track siding with respect to unloading platforms, a minimum num¬ 
ber of railroad crossings, and adequate facilities for moving freight cars are other 
points to be noted. Truck traffic may be greatly reduced by locating store¬ 
rooms and material depots close to building entrances. 

The height of a conveyor should be arranged so that the material can be 
placed on the conveyor without reaching or straining. When practical, vertical 
curves in monorails or inclines or declines in roller-bed conveyors are helpful to 
bring loads to bench height or floor level. Adequate crossovers, hinge-type gates, 
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etc., for roller conveyors should be studied. Guards should also be placed under 
overhead conveyors to protect the workers below against injury from falling 
loads. 

Aisles 

Main aisles should be laid out first to insure traffic access from one building 
to another and also within the building. If this is not done before the actual 
layout is begun, difficulty may be encountered in doing so later. In order that 
work can move properly through the factory, adequate aisle space must be pro¬ 
vided. From the standpoint of efficiency and safety, aisles should be laid out as 
carefully as the placement of the machine tools. The increase in speed and 
volume that has accompanied the material movement needed in mass production 
has made the planning of aisles a major function of plant layout engineering. 
Some of the most important points to keep in mind when laying out factory 
traffic aisles are the following: 

a. Wherever possible, aisles should be used for one-way traffic and should 
be at least 2 feet wider than the widest vehicle to be accommodated. 

b. When aisles are to be used for two-way traffic, they should be at least 3 
feet wider than the combined width of two vehicles. 

c. Pedestrian traffic should be separated from vehicular traffic as much as 
possible. When both types of traffic are inevitable in the same aisle, 
provision must be made in the width of the aisle for pedestrians to keep 
out of the way of approaching vehicles. 

d. The layout should be planned for the movement of all materials continu¬ 
ously in one direction in order to eliminate cross-traffic in the aisles. 

Floor Space 

In the past, many a company built new additions to a plant to get needed 
additional floor space before very much thought w^as given to the possibilities 
of ‘‘air rights,” or unused overhead space, by using vertical space-stacking sys¬ 
tems. By taking advantage of vertical space in the plant or warehouse for 
stacking materials on pallets, the addition of a bay or of a new" wing is often 
rendered unnecessary. Following this idea even further, it becomes evident that 
neat, compact stacking is conducive to keeping better inventory controls over 
raw materials, working material, and finished products. 

Modern material-handling devices, such as pallets and fork trucks, make pos¬ 
sible drastic reductions in the time and cost of moving material. This is ac¬ 
complished by moving large “unit loads” instead of single pieces or product 
units. The floor layout of pallet loads must be as carefully planned as the layout 
of machinery, if floor space is to be conserved. In Figure 96, the same floor area 
is made to accommodate 120 pallet loads instead of only 108 by simply rear¬ 
ranging the alignment of the pallets on the floor. In Figure 97, a comparison is 
made of the efficiency of space use by stacking pallets at right angles and diag¬ 
onally to the building wails. 
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Safety Standards 

Although the primary purpose of a mechanical-handling system is usually to 
increase the efficiency of production flow, the system incidentally serves to lessen 
the possibilities of personal injuries by reducing, or completely eliminating, 




In the upper drawing, the area of 90 X 36 feet permits the use of 9-foot aisles and the place¬ 
ment of 108 3 X4 foot pallets on the floor, when the pallets are arranged so that the greater 
dimension faces the order picker (the aisle). In the lower sketch it will be seen that the area 
has 10-foot aisles, but that with the smaller dimension of the pallet facing the aisle, 120 
pallets of the 3X4 foot size are accommodated on the floor. As a result: 



Upper Drawing 

Lower Drawing 

Number of square foot in tho area 

3,240 

3,240 

Area of tho aisles, feet 

1,944 

1,800 

Percent of total 

60 

55.5 

Area covered by the pallets, feet 

1,296 

1,440 

Percent of total 

40 

44.5 

Pallets accommodated 

108 

120 

Aisle width, feet 

9 

10 

Number of aisles 

6 

5 

Aisle length, feet 

36 

36 

Length of the order pickets walk, feet 

292 

252 

Fia. 96. More 'pallet area and wider aisles through better layout of 

same floor area. (US. 

Dept, of Commercef Industrial Series No. 18.) 


manual handling. Mechanical handling thus tends to lower the accident ratio 


by reducing the number of times the manual handler is exposed to hazards. 

Surveys show that approximately 27 percent of plant accidents involve the 
material-handling operations within the plant. These surveys also reveal that 
the 4 principal types of accidents consist of the following: 
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а. Congested working space. 

б. Inadequate aisle space. 

c. Unsafe piling or storing of material. 

d. Unsafe planning of traffic flows. 



Hero are two layouts of the same spaee. In one of tl»em the wholesah'r has laid out his 
assembly line in the customary way with the goods^ fac<*s ])arall(‘I to the aisles, and in the 
other at a 45-degree angle. 

With the first design he finds that he can get 130 pallets on the line and that the aisles 
and the stacks each occupy half the area. 

With the second design he can get only 105 pallets on the line, and aisles occupy 60 
percent of the space. With this design the machines can approach the goods easily, as 
shown by the arrow, without the need for making a short turn at a right angle. But there 
lias been considerable waste of space. Such waste is unavoidable, for the distance across 
the aisle between stack corners has been reduced to the diagonal width of one pallet, as 
shown by the connecting bar in the drawing, and therefore can be reduced no more. 

The inevitable conclusion must be that diagonal stacking, displaying more than one stack 
side to the order picker, can never equal the space-use efficiency of a right-angle arrangement 
on the assembly line in which the goods^ faces are parallel with the aisle. 

But the use of a diagonal arrangement in the storage areas does not have these short¬ 
comings in so high a degree, for in such areas the storage may be fairly solid, with little if 
any aisle-space wastage. Not all the stacks in the reserve areas need be immediately acces¬ 
sible. 

The princijile is for highest proportion of space use by stacks and least by aisles while 
providing adequate aisle sjiace, and ex])osing the least possible portion of the stack surfaces 

Fig. 97. Waale of floor space in diagonal stacking versus right-angle stacking of pallets. 

{U.S. Dept, of Commerce, Industrial Series No. 18.) 

These four major causes of accidents may be directly influenced by the work of 
the plant layout engineer. 

It is not deemed feasible for the designers and manufacturers of material¬ 
handling equipment to anticipate all possible hazards that may arise at various 
plants as the result of using their mechanical devices. Proper planning in the 
application of this equipment by plant layout engineers can aid materially in 
avoiding many of the hazards attributable to careless operations. Much effort 
is being devoted by the following organizations to promote safety practices and 
standardize the designs and applications of material-handling devices: 


а. American Standards Association. 

б. National Safety Council. 

c. American Society of Mechanical Engineers. 
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d. American Institute of Electrical Engineers. 

e. American Material Handling Society. 

/. Society of Industrial Packaging and Materials-Handling Engineers. 
g, American Society of Safety Engineers., 


4. FITTING THE EQUIPMENT OPERATIONS TO THE VOLUME OF 

ACTIVITY 


Scope of Physical Characteristics 

Securing a detailed description of the material to be handled, its condition, 
shape, size, and weight, and the type and size of container (if any) it will be 
handled in marks a major step in developing a material-handling project. An¬ 
other major step is taken when building plans, plot plans, layout plans, and data 
on the characteristics of the building are obtained. These two steps cover the 
extent of the data needed on physical characteristics. 

Variable Factors 

The remaining phase of the approach to the material-handling project has to 
do with the variable factors surrounding the handling activity and cost analysis 
of the project. This pliase of the development is divided into two sections, 
namely: 

a. Fitting the equii)iiient operations to the volume of activity. 
h. Labor cost, equipment operating cost, and net benefits. 

Handling Activity 

Our concern in the present section is with the first of these two topics, namely, 
the handling activity. Let us now return to the check list on page 196. Accord¬ 
ing to the check list, the handling activity of a project consists of the following 
four main divisions: (A) handling operations; {B) equipment used; (C) dis¬ 
tance moved; and (D) volume of operations. These four headings are further 
subdivided into a total of nine subheadings. 

An actual illustration of the application of these divisions and subdivisions of 
handling activity will assist in understanding their interrelationship as factors 
leading up to the number of material-handling operations per year. For this pur¬ 
pose, let us continue to use the steel tanks described previously under the topic, 
“Material and Container,” and refer to Table 6 on page 206. 

(a) Starting point. Each item is considered at each move, from its entrance 
into the plant to the time it becomes a part of the finished assembly. Movements 
are listed in sequence of performance. The plant layout engineer must know 
how many times material is lifted, moved, and set down during each handling 
step. Re-layouts of existing facilities usually change the number of movements 
an item must make. And a new plan frequently changes the condition and 
position of the material before each move. The engineer takes these factors into 
consideration in listing the handling operations required to move the item through 
the manufacturing cycle. The four operations listed here account for only a rep¬ 
resentative part of the entire manufacturing cycle for these steel tanks. 
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TABLE 6. HANDLING ACTIVITY 



A. 

HANDLING OPERATIONS 

B. EQUIPMENT 

No. 

Starting 

Handling 

Stopping 

Material-Handling 


Point 

Operation 

Point 

Equipment 


(n) 

(ft) 

w 

(rf) 

1 

Floor 

Load truck 

Truck 

Truck (12 pieces) 

2 

Bay F-20 

Transport truck 

Bay A-90 

1 truck 

3 

Truck 

Unload truck 

Pallet 

Pallet (7 pieces) 

4 

Floor 

Stack pallets 

6-7 High 

Fork lift truck 



C. DISTANCE 


D. VOLUME OF OPERATIONS 

No. 

Distance 

Moved 

Quantity 

of Pieces 

Operations 
per Year 

Operation 

Unit 


w 

Per Year 
(/) 

Per Operation 

4- (j;) = 

{h) 

(fc) 

1 

30' 

125,591 

^ 1 « 

125,.591 

Piec’c'S 

2 

1,630' I 

125,591 

^ 24 * 

5,233 

Trips 

3 

5' j 

12.5,591 

^ 1 « 

125,.591 

Piecc‘8 

4 

50' , 

i 

12.5,,591 

^ 7 = 

17,942 

Loads 


(b) Handling operation. Only when speed and efficiency are combined in the 
handling of materials can productive equipment be kept constantly in operation 
at maximum capacity. Much effort is wasted in handling, piling, unpiling, and 
storing of materials because of poor layout of manufacturing and storage areas 
and because of improper types of handling devices used. It must be decided at 
the outset whether materials are to be moved horizontally or vertically, and 
how much piling, loading, and unloading will be required. Provision must also 
be made for the accumulation of empty containers while awaiting to be returned 
for reuse. 

(c) Stopping point. These are the locations to which materials are moved. A 
great many plants still depend on skilled help to bring material to, and take it 
away from, their work stations. After cutting corners to save a few cents on the 
cost of a part, many companies still spend a lot more cents to move the part 
around the plant. 

But with a modern handling system in the plant, these workers are able to 
stay at their machines or work stations and keep producing while material is 
brought to them and removed in quantity. Planned material handling makes 
it possible to avoid much of the “muscle moving^' still going on in many plants. 
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(d) Material-handling equipment. The movement requirements must be 
analyzed thoroughly to determine the best type of handling device to take care 
of production needs. An analysis of the project must be made to determine the 
truck, trackless train, conveyor, crane, or hoist equipment best suited for the 
job. The i)lant layout engineer has to know the types and number of material- 



Fig. 98. Handling 60 boxcars oj metal chips a month during the wartime production of air- 
craft-engine cylinder heads at the Kansas City government plant operated by the Pratt & 
Whitney Aircraft Corporation. Chips followed the castings. The chips were gathered at 
each ma(!hine and scraped into a small bucket. The buckets were hung on an overhead 
trolley conveyor that passed near almost every machine in the department. The conveyor 
delivered the buckets to the chip room for screening, drying, storage, and shipment. The 
same conveyor also brought the empty buckets back and served as a storage line for both 
full and empty buckets. The line was directly above and followed the path of the roller 
conveyor on which the castings were moved from one operation to the next. {Courtesy oj 
Albert Kahn Associated Architects and Engineers, Detroit.) 

handling equipments now in use. He must also know the load capacity of each 
type of device, and where it is used. For the system selected to handle 60 box¬ 
cars of metal chips a month in an aircraft factory during World War II, see 
Figure 98. 

These facts provide him with a picture of the tools he has to work with and 
enable him to suggest what equipment changes, if any, are necessary to stream¬ 
line the flow of production. Equipment needed in one department should be 
adaptable to possible future uses in other departments. Standard tracks, road- 
^way8, container sizes, etc., permit the shifting of equipment to avoid the de¬ 
velopment of bottlenecks at unforeseen times. 
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(e) Distance moved. This tells how far the material has to be moved each 
time. An analysis of the distances traveled on the production floor in moving 
materials from operation to operation often leads to the relocation of machinery 
and equipment, as well as to a revision in the sequence of manufacturing opera¬ 
tions. Where provision can be made in the layout to store as much material as 
possible near or within the work-station area, much will be accomplished toward 
solving the material-handling problem. In studying the routes followed by the 
material, the plant layout engineer can often eliminate needless backtracking 
and detours. 

(/) Quantity of pieces per year divided by (g) Quantity per operation results 
in (h) Operations per year. It will be noted in Table 6, column (d), that, as the 
product moves along its path of travel, the types of handling devices change from 
hand trucks to pallets and then to fork-lift trucks. Furthermore, the operation 
unit in column (fc) likewise changes from pieces to trips, back to pieces, and 
finally to loads. 

The operations at each move in column (h) consequently change in number 
from 125,591 to 5,233, back to 125,591, and finally to 17,942. Unless these fig¬ 
ures are recorded in clear-cut columnar form as shown in columns (g) and (A), 
distorting errors will creep into the engineer's calculations. Although there is but 
one volume of activity, namely, 125,591 tank units involved in the illustration in 
column (/) the number of operations per year in column (h) varies from 125,591 
down to 5,233, depending upon the particular type of material-handling equip¬ 
ment used. 

5. LABOR COST, EQUIPMENT OPERATING COST, AND NET 

BENEFITS 

Cost Analysis 

The final phase in planning the material-handling project consists of convert¬ 
ing the handling activity into labor cost and operating cost, as illustrated in 
Table 7. This table is but a continuation and completion of Table 6 used 
above to illustrate handling activity. 

(m) Labor hours per operation. The time values considered here are for 
material handlers whose specific work consists of loading, transporting, and un¬ 
loading the material at each handling. The values do not include the time spent 
by machine operators or assembly workers in handling material to and from 
operations nor in waiting for material. These time values are for handling opera¬ 
tions by material handlers only, and should not be estimated by the plant layout 
engineer who is analyzing the handling problem. Since these figures will ulti¬ 
mately affect the pay rates of the material handlers, the plant time-study engi¬ 
neers should analyze the proposed handling methods and assign the time values. 

(h) Number of operations per year multiplied by (m) Labor hours per opera¬ 
tion give (n) Labor hours per year. A further multiplication of (n) Labor hours 
per year by {p) Wage rate per hour provides (r) Labor cost per year. The wage 
rate per hour (p) is calculated as the average base rate of all labor engaged in ^ 
the performance of material-handling operations. 
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D, OPERATIONS 


Operation 

Number of Opera¬ 
tions per Year 
(h) 

Labor Hours 
per Operation 

X (m) * 

1 

125,591 

X 0.018 = 

2 

5 , 23 :^ 

X 0.400 - 

3 

125,591 

X 0.018 * 

4 

17,942 

X 0.003 * 


E, LABOR COST ^ 


Labor Hours 
per Year 
(n) 

Wage Rate 
per Hour 

X (p) =* 

Labor Cost 
per Yfiar 
(r) 

2,261 

X $0.90 = 

$2,035 

2,407 

X 0.90 « I 

2,107 

2,201 

X 0.90 =* 

2,035 

1,130 

X 0.90 * 

1,017 



E. LABOR 

F. EQUIPMENT OPERATING COST 

G. TOTAL 

Operation 

Labor Hours 

OjK^rating Hours 

Operating Cost 

Operating Cost 

Total Handling 


per Year 

per Year 

jM^r Hour 

per Year 

Cost per Year 


(n) 

(«) 

X (0 - 

(«) 

(«') 

1 

2,201 

None 

None 

None 

$2,035 

2 

2,407 

2,407 

X $0.37 - 

$891 

3,058 

3 

2,201 

None 

None 

None 

2,035 

4 

1,130 

1,130 

X $0.57 = 

644 

1,601 


(s) Operating hours per year. When a material-handling operation requires 
the services of only one worker, the operating hours per year for the handling 
device (if one is used) are the same as (w) Labor hours per year. Where more 
than one worker is required for the handling operation, however, the number of 
man-hours (n) must be divided by the number of workers per operation to ar¬ 
rive at (s) Equipment operating hours per year. It is unwise to use mechanical 
handling equipment when a handling operation occurs infrequently over the 
period of a month to the point where the labor effort saved by the device does 
not justify the capital investment in it, unless inevitable because of safety re¬ 
quirements. 

it) Operating cost per hour. All too frequently, the costs of depreciation, 
maintenance, fuel, and supplies for operating the equipment are overlooked when 
considering the desirability of one type of equipment over another. Some types 
of equipment have a high breakdown frequency on certain types of jobs. There 
is no point in using a particular type of device to eliminate one man if it will 
require an additional man to maintain it. The ‘^out-of-production^^ time must 
also be given careful consideration, 

( 5 ) Operating hours per year multiplied by (^) Operating cost per hour 
^ yields the product (u) Operating cost per year which, when added to (r) Labor 
cost per year, results in (v) Total handling cost per year. 
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Since the life of a layout in intermittent manufacturing operations may range 
from 6 months to 36 months, it is necessary to consider whether the equipment 
being proposed will be readily adaptable to changes in plant layout. Another 
point to consider is that the man-hours and machine-hours lost in productivity 
during a change-over of material-handling methods is lost time which cannot 
be recovered. 
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CHAPTER XIII 

Receiving, Shipping, and Warehouse Areas 

1 . DETERMINANTS OF RECEIVING AND SHIPPING AREAS 

^ More Weight Received than Shipped Out 

Recent surveys made of the total weight of material received in a plant as 
compared to the total weight shipped out indicate that, by and large, 20 percent 
more weight is received than is shipped out. The excess in receipts over ship¬ 
ments is attributable to shrinkage in processing, scrap, waste, and consumption 
of materials and supplies in maintenance activities. Before materials can be 
jirocessed in a plant they must be received, tallied, inspected, stored, and re¬ 
handled out of storage for release to the manufacturing cycle. After the ma¬ 
terial has been processed, assembled, and packed, it must again be received, 
tallied, inspected, stored, and rehandled out of storage for release to outbound 
shipping. 

The intermediate storage in either stage of production may range from tempo¬ 
rary floor storage up to prolonged warehousing of raw, worked, or finished ma¬ 
terials. The size and design of areas required for receiving and shipping activi¬ 
ties vary considerably with each industry, plant site, plant layout, type of 
product, receiving lots, shipping lots, characteristics of the material and product, 
^ jiractices of suppliers, carriers, and customers, seasonal limitations, market fluc¬ 
tuations, weather conditions, and a host of other factors which differ in each 
industry. 

Flow of Material Is Core of Plant Layout 

In many plant layouts, primary consideration is given to the accommodation 
of manufacturing processes, and but secondary attention is paid to the require¬ 
ments of receiving, shipping, and warehousing operations. Needless to state, 
such layouts are usually found to be unworkable in actual operation because of 
delays, confusion, ^^bottlenecks,^' and excessive rehandling occurring at the re¬ 
ceiving and shipping ends of the plant. The flow of material through the plant 
is, of course, the core of the entire plant layout. But this core must have both 
an intake and an outlet at strategic points in order for a smooth internal flow 
to exist. Since all the material that flows through process and assembly must 
l^ass through the receiving and shipping ends of a plant, these two areas require 
the same close attention in a plant layout as is given the process flow itself. 
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An illustration of this requirement is provided in the two photographs of an 
Akron plant of the Goodyear Tire and Rubber Company appearing in Figures 
99 and 100. Material is received by railroad at one end of the plant, and the 
finished product is shipped out by truck at the other end. Between these two 



Fig. 99. Receiving end of plant of Goodyoar Tire and Rubber Comi)any. Akron, Ohio, 
sliowinp railroad in forop:roun<I, .and bifurcatiiiK .sidinjss <o right of the plant. Note triu-k 
pavcuiK'Hl leading up to area of powerhoii.^'O. 



Fig. 100. Shipping end of same plant. Highway is in right foreground, and truck port is 
at left end of building near powerhouse area. Note absence of railroad siding at this end, 
and continuation of truck pavement separating the powerhouse from the plant. 


vital portals stands the main body of the plant, wherein the processing is car¬ 
ried on. Without adequately planned receiving and shipping facilities, at ex¬ 
treme ends of this plant, the flow of work through the plant would come to a 
standstill. 

Straight-Line Flow 

The ideal flow of material through a plant would be a direct line from re¬ 
ceiving, passing through processing, and terminating with shipping without back¬ 
tracking, crossovers, or rehandling in storage. Starting with this ideal as a gen¬ 
eral determinant, the plant may then be laid out with this pattern in mind. The-, 
receiving area may be at the opposite end of the plant from the shipping area, 
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Fia. 101. Typical straight-line flow of the plant designed to suit the layout is that of 
Pyramid Mouldings, Inc., Chicago, the floor space of which is shown above. Both receiving 
and shipping front on the street and each is served by an enclosed, ramped loading dock. 
Steel enters at Receiving, passes in a straight line to the scales and steel storage, and from 
there progresses through to Shipping. There is some zigzagging as certain operations are 
by-passed or diverted. Otherwise the flow of materials is straight-line for all practical 
purposes. {Courtesy of The Tool Engineer.) 
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or the areas may be adjacent to each other at one end of the plant, as is shown 
in Figure 101. The location of each area is, in this case, as much determined by 
the situation of the plant site with relation to the street as by the flow of ma¬ 
terial within the plant. Steel enters at one comer of the plant and passes in a 
straight line to the scales and storage. It then continues in a straight flow 
through processing and emerges at the other corner of the building, on the same 
street, in the shipping dock. This straight flow has been made possible by 
designing the plant to suit the layout as against designing the layout to fit 
the plant. 

2 . FACTORS TO BE CONSIDERED IN A RECEIVING DEPARTMENT 
Types of Carriers Servicing a Plant 

Material received at a plant arrives via the particular forms of transportation 
which are generally prescribed by the customs and practices of the suppliers. 
Liquids, such as chemicals and oils, are received in tank cars, tank trucks, or in 
drums or smaller containers carried in boxcars and highway dry trucks. Some 
liquids arc received in tank steamers, barges, or by pipeline. Solid material in 
bulk, such as steel sheets and plates, bar stock, farm produce, raw pulp, slate 
granules, machinery, lumber, and textiles, may be received in different types of 
rail cars, trucks and trailers, water-borne carriers, and by air transportation. 
Packaged material is frequently received by express and through the mails. By 
whatever mode of transportation the material may be received, the receiving 
department must be designed to accommodate the types of carriers that reach the 
plant, particularly those carriers that transport the greater portion of the material 
received. 

The receiving department is often thought of as merely a place where a freight 
car or a road truck can discharge a load. Accommodations designed for one 
freight car today may later be called upon to serve a number of freight cars to 
avoid incurring demurrage. In northern latitudes where winter weather is se¬ 
vere, truck ports arc frequently constructed deep enough to house the trucks, or 
tractors and trailers, thereby providing shelter while loading or unloading. 
Freight cars are also inclosed in sheds for inside loading and unloading. When 
the car dock is thus inclosed, it is permissible to narrow the gap between the car 
side and the dock, thus providing easier access for industrial trucks in handling 
material in and out of rail cars. 

Designing a Receiving Department 

Based on variables of this type, a number of general factors are cited below 
for consideration in designing the layout of a receiving department or area for 
a plant. 

FUNDAMENTAL CONSIDERATIONS IN DESIGNING A 
RECEIVING DEPARTMENT 

1. Space. Adequate space is needed in the plant yard, or inclosed receiving area, to 
permit ease of shifting and of spotting rail cars to avoid demurrage, as well as to 
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permit maneuvering trucks, tractors, and trailers wherever the material is received 
in these vehicles. The unloading dock or area has to be large enough to accommodate 
the heaviest traffic conditions likely to occur on frequent occasions. 

2. Climate. Where climatic conditions might damage the materials, impair the move¬ 
ment of the vehicles, or interfere with the efficiency of the workers unloading the 
vehicles, it is desirable to provide a shelter over the unloading area. 

3. Carriers* codes. Safety is a paramount requisite in carriers' codes concerning delivery 
of material at a plant. When safety regulations laid down by a carrier are not com¬ 
plied with, the carrier may refuse to serve the plant. Familiarity with the safety 
codes of the various transportation facilities available to a plant is essential in design¬ 
ing the layout of a receiving department. 

4. Mechanization. Wherever economically justifiable, mechanical handling equipment 
for loading and unloading incoming vehicles should be incorporated in the layout. 

5. “Setdown” areas. The areas provided for setting down and classifying the mate¬ 
rials being unloaded from incoming vehicles should be designed to permit clear 
visibility of the materials and ease of their identification. 

6 . Inspection. When inspection of the material is necessary upon receipt, it is desirable 
to conduct the insi)ection while the material is in transit in its path of travel to the 
plant, so as to avoid rehandling. In laying out inspection stations for this purpose, 
refer to Chapter XV, ‘Test Areas, Inspection Points, and Dispatch Stations." 

7. First operation. Much intermediate handling and storage can be eliminated whenever 
the layout permits receiving the materials at their point of first use. Receiving 
materials in this manner might justify the existence of several receiving points in 
a plant. 

8 . Variety of vehicles. If materials are received in more than one type of transportation 
vehicle, such as in both rail cars and road trucks, the receiving dock is laid out so 
as to avoid conflicts between the different types and yet provide flexibility of adapta¬ 
tion. Otherwise, it frequently turns out that trucks have to back over trackage or 
that spotted cars prevent the trucks from getting access to the receiving dock. 
Many of these conflicts can be eliminated through proper layout planning. 

9. Dock height. Where rail cars and road trucks are received at a common dock, it is 
preferable that the height of the dock be made to coincide with the bed height of the 
car. In order to accommodate the trucks, wedge boards are placed on the ground in 
such a way as to cause the rear end of the trucks to rise as the trucks back up against 
the dock. Where justified, hydraulically adjustable dock sections are frequently 
installed. 


3. DESIGN OF TRUCK- AND RAIL-LOADING FACILITIES 

By far the most common types of carriers servicing industrial plants and com¬ 
mercial enterprises are the road truck and the railroad freight car. Very few 
plants do not use either or both of these transportation facilities. It becomes 
desirable, therefore, to examine these facilities in specific terms before proceed¬ 
ing with other aspects of receiving and shipping areas. 

Platforms for Highway Motor Trucks 

In laying out a loading or unloading platform for highway motor trucks, the 
first point to consider is the maximum number of these vehicles which must be 
accommodated at the present time, and the number that the plant may have to 
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accommodate 10 or 15 years hence. For flexibility of expansion, see the ship¬ 
ping dock in Figure 102. 

A decision must next be made regarding the necessity of providing shelter for 
the truck units, tractor and trailer combinations, etc., while loading or unloading. 
The next capacity factor to be determined is the provision for the over-all 
dimensions of the various types of motor trucks. 



Fi(;. 102. Shipping dock with overhead doom. The effective use of overhead doors in place 
of fixed partitions, to expedite the movement of in<;oming and outgoing materials, is illus¬ 
trated m the shipping dock of the Kansas City plant of the Pratt & Whitney Aircraft Cor¬ 
poration. These doors also jirovide an effective air lock. Note the wide, clear aisles to 
permit unobstriurted truck movements. {Courtesy oj Albert Kahn Associated Architects and 

Engineer8y Detroit.) 


These dimensions are given in graphic form in Figure 103, and are summarized 
in Table 8. 

Various Heights in Truck-Bed Levels 

Because of the lack of uniformity in the level of truck beds, the use of material¬ 
handling equipment in loading or unloading trucks from the building platform 
gives rise to the problem of determining the proper height of the platform level 
which will best meet the various truck-bed levels. Truck decks vary as much 
as 1 foot in height. 

This problem is sometimes solved by making a portable ramp by sawing 12- 
inch timber diagonally through the cross-section, along the entire length of the 
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MOTOR- VEHICLE DATA 



PANCL OR. DELIVERY VAN TYPE TRACTOR 5EMI-TRAILER TRAILER. 

MOTOR. TRUCKS 

DIMENSIONS y MOTOR VEHICLES 



MOTOR- TeUCK MOTOR. »US 


X>/a/ne¥cr /jr as-sam^^ fo tm a hifhmr ihan 

TUR.NING MOJO^^. VEHICLES 


Fia. 103. Motor vehicle data. {From Architectural Graphic Standards, by Ramsey and 

Sleeper, John Wiley cfc Sons, 1941.) 
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TABLE 8. OVER-ALL DIMENSIONS OF MOTOR TRUCKS 


Range 

Length: single-unit motor truck 26' 6" to 50' 

tractor and semi-trailer or trailers 33' to 85' 

Width: all types of motor trucks 8' to 8' 6" 

Height: all types of motor trucks 11' to 14' 6" 

Turning radius: all types of single units 15' to 40' 

timber, thus converting the rectangular piece into two triangular pieces. To lift 
the truck deck to the level of the dock platform, the rear wheels of the truck are 
backed onto the ramp, thus lifting the truck tailgates to the platform level. The 
adjustable-height dock section is a more cfifcctive solution to this problem where 
traffic is heavy. It can be continuously adjusted as the vehicle is loaded or un¬ 
loaded and the bed height keeps changing. Inadequate docks are characteristic 
of old plants and are a source of congestion, delay, and high costs. 

Leveling Car Floors to Dock Platforms 

The problem of bringing railroad-car floor levels into agreement with the level 
of the dock platform does not lend itself for solution by the ramp idea. Gang¬ 
planks are used effectively to connect the car floor with the platform when tlie 
difference between the two levels is not great enough to cause the unloading equi])- 
ment to spill the load in traveling over the gangplanks. When one level is con¬ 
siderably higher than the other, the problem requires special analysis to det(‘r- 
]nine the most suitable type of material-handling equipment to use in loading 
or unloading the cars. 

Dimensions of Railroad Cars 

Clearance diagrams and dimensions for railroad cars are shown in detail in 
Figure 104. The measurements of railroad cars are summarized in Table 9. 

Railroads often use special cars ranging up to 80 feet in length. Shippers utiliz¬ 
ing pallets for shipping material in “unit loads” (see Figure 105) often use 
automobile freight cars which are 60 feet in length. The door arrangement in 
these cars permits better access for loading with fork trucks. When the activities 
of a plant necessitate the contemplated use of cars 60 or 80 feet in length, provi¬ 
sion for these lengths must be made in the plant layout. 

Combining Truck-Loading and Rail-Loading Facilities 

A platform designed for loading or unloading cither motor trucks or freight 
cars is illustrated in Figure 106. Two road trucks and five freight cars can be 
loaded at one time on this platform, which is fully inclosed in a trussed-roof 
building. The overhead crane facilitates the loading of open trucks and rail cars. 
Hand jacks, power-lift trucks, or fork trucks can be used for loading closed trucks 
or box cars. All handling operations are sheltered, thus enabling the operators 
to work with the same degree of efficiency throughout the year. 

A trench-type floor drain has been provided to keep the floor clear of water in 
bad weather. The overhead crane is equipped with a push-button pendant con- 
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Fio. 104. Railroad data. Data from the manual of American Engineering Association. 


(Reproduced from Architectural Graphic Standards, by Ramsey and Sleeper, John Wiley 


& Sons, 1941.) 
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TABLE 9. OVER-ALL DIMENSIONS OF RAILROAD CARS 


Length: standard railroad car 
average boxcar 
Width: standard railroad car 
average boxcar 

Height: clearance above top of rail 
car floor above top of rail 


Range 
32' to 53' 

40' to 50' 

7' 3" to 10' 6" 

9' to 9' 2" 

13' to 15'6" 
3' to 4' 


trol which makes it possible for one worker to hook on the load and operate the 
crane from the floor. When rail cars are not being loaded, motor trucks can 
utilize the floor space containing the trackage. Concrete has been filled in be¬ 
tween the tracks to permit trucks to operate over this area. 



Fig. 105. Unit loads in a glass factory. Carton chutes from the floor above deliver made-up 
empty cartons down to the packing room shown here in the glass-container plant of the 
Brockway Glass Company, Inc., Crenshaw, Pa. At the foot of each chute is an inspection- 
and-packing work station using knee-high roller conveyors for workbenches. Filled cartons 
are pushed on these conveyors to a convenient point for unloading onto pallets. The unit 
loads thus made up on the pallets are then trucked to the warehouse located in another 

building. 


Air-Freight Planes as Carriers 

The day appears not too far distant when, in addition to motor trucks and 
rail cars, the cargo plane will take its place as one of the leading carriers. It is 
not to be inferred, however, that these planes will taxi alongside a plant^s receiv¬ 
ing or shipping platform to be loaded or unloaded. Although it does not seem 
probable that industrial plants will, in the near future, be equipped with private 
airports, the handling of air cargo is already a recognizable problem. 
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Packaging and terminal time are extremely important in handling air cargo. 
Excess weight of shipments or long waits at the terminal tend to neutralize the 
speed advantage of air shipments. The shipping department of the plant of the 
future will inevitably be equipped for the quick and eflBcient weighing and han¬ 
dling of loads to and from airports. In planning new plants this problem should 
be given careful study and consideration. 



Fig. 106. Combination truck-loading and rail-loading facilities. Two road trucks and five 
freight cars can be loaded at one time in this building. The overhead crane is used in loading 
open trucks and rail cars. Hand jacks, power lift trucks, or fork trucks can be used to load 
closed trucks and boxcars. All loading operations are sheltered. Note that the crane is 
floor-operated with a pendant control, permitting the operator to hook and unhook loads 
without assistance. {Courtesy of Gaudreau, Rimbach & Associates, Pittsburgh.) 

In Figure 107 is a cargo plane being loaded by a fork-lift truck. 'The interior 
view of this plane, shown in Figure 108, reveals that the plane has nearly the 
cubage of a standard boxcar. This particular plane can carry a cargo of 9 tons. 
The future holds promise of aircraft with a considerable increase in pay-load 
capacity. 


4. PLANT EXPANSION WITHIN FIXED BOUNDARY LINES 

Excessive Costs Hidden in a Sellers’ Market 

In the modernization, conversion, or expansion of existing plants, such as oc¬ 
curred during World War II and such as was experienced in a still more feverish 
degree during the reconversion period following the cessation of hostilities, time 
and expediency caused many operating problems to be overlooked. Notable 
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Fig. 107. Aii-freight plane, a Fairchild “Packet,” being loaded with packaged material by 
a fork-lift truck. (Courtesy of Fairchild Aircraft Company.) 



Fig. 108. Interior view of the Fairchild “Packet” plane. The clear area has nearly the 
cubical contents of a standard boxcar and can carry a load of 9 tons. 
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among these were the receiving and shipping problems. This apparent over¬ 
sight caused many a war plant to handle materials at excessive costs. When 
reconverted to peacetime products, many of these plants carried these excessive 
costs into their postwar activities in order to rush into a waiting sellers’ market 
characterized by an unrelenting consumer demand at inflationary prices. This 
demand was further accelerated by government purchases for the rehabilitation 
of war-devastated countries in western Europe. 

The excessive operating costs arising from inadequately planned facilities for 
receiving and shipping materials therefore remained comparatively unobserved 
through being easily tolerable during the years of a war boom immediately fol¬ 
lowed by postwar years of mounting prices. The day of reckoning comes, how¬ 
ever, when pentup market demands have subsided and the buyer begins to shop 
around for better prices. Competition among manufacturers to attract this 
buyer inevitably causes prices to come down and, in so doing, narrows the margin 
of profit. 

Re-Layout of a "Hemmed-In” Plant 

A specific example of the basic importance of properly planning receiving and 
shipping facilities when converting a plant for wartime production, with an eye 
on the postwar utilization of this plant after competition has returned, is illus¬ 
trated in the foundry and factory shown in Figure 109. This is a perspective 
drawing of the plant as it stood just before World War II. Surrounded as it was 
on all sides, the only outlet remaining for expansion was in a vertical direction. 
Before expanding upward, however, it was necessary to provide a suitable base 
by demolishing a number of small buildings on the plant premises. Accompany¬ 
ing the razing of these buildings to the ground was the problem of abandoning a 
network of spur tracks without giving rise to increased costs in receiving mate¬ 
rials and shipping products handled on these tracks. 

To achieve these ends, the plant was redesigned as shown in the perspective 
rendering in Figure 110. Analysis revealed the existence of the following four 
basic receiving and shipping problems: 

1. Receiving foundry and maintenance supplies by rail and truck into the 
foundry. 

2. Shipping foundry products by truck. 

3. Receiving manufacturing materials by rail and truck into the manufac¬ 
turing building. 

4. Shipping manufactured items by rail and truck. 

One-Point and Two-Point Receiving Plans 

The topography of the site necessitated that the rail entrance be confined to 
only one side of the plant and that the truck entrance be limited to one street. 
Further study pointed out that the foundry materials could be handled separately 
from the factory materials without loss of efficiency. In fact, handling cost could 
actually be reduced by bringing materials to their respective points of first use 
instead of relying on one common point for receiving materials. This two-point 
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L, however, would necessitate the abandonment of several railroad spur tracks used across the property for receiving raw materials and 

shipping finished products. 
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purposes. Outgoing rail service is supplied by a new spur direct to the shipping building at the extreme left. The truck receiving dock in 
the new two-story building uses the same truck yard and driveway as are used for the shipping department across the way in the eight-story 
machining and assembly building at the far left. This arrangement conserves a considerable amount of yard space and greatly simplifies the 

plant protection problem. 
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receiving plan is actually two one-point receiving plans, namely, one for the 
foundry and one for the factory. The one-point receiving plan is the one usually 
advocated for purposes of facilitating control over materials and of guarding 
against duplication of effort in handling operations. 

In the redesigned plant, as shown in Figure 110, the incoming rail spur passes 
through the two-story warehouse building and emerges into the rear yard to serve 
the coal silo, foundry supply building, and the craneway used for yard storage. 
Foundry materials are received directly at the point of use or storage, thereby 
minimizing handling and traffic congestion. 

Significant features of this revised layout relating to the receiving and shipping 
facilities of the plant are highlighted below: 

1. Carloads of material entering into the factory building are unloaded 
directly at the point of use, namely, in the manufacturing plant proper 
rather than in the foundry. The unloading is completely sheltered. 

2. Material received by road truck can likewise be unloaded in the receiving 
department completely protected from the weather. 

3. Raw material inspection takes place at the point of receiving and can thus 
be made without rehandling. 

4. Belt conveyors are used for moving material from the receiving floor to 
the second floor. This eliminates the use of elevators and accelerates the 
clearing of material from receiving docks. 

5. One incoming railroad spur serves the entire plant. 

6. Trucks that unload incoming shipments can be reloaded with outgoing 
shipments without leaving the immediate area. 

7. Receiving and shipping activities each have separate facilities and yet are 
close enough to each other to permit common use of some of the facilities. 

8. Rail shipments are loaded from the same dock as truck shipments without 
causing interference. Cars are spotted outside the building, with car floor 
at dock level. 

Excess Loading and Unloading Capacity 

On a 24-hour basis, the existing loading and unloading capacity of rail cars 
and road trucks is greatly in excess of present requirements, and thereby permits 
more efficient operation by preventing the facilities from being worked to capacity 
limits. This excess capacity also provides a comfortable allowance for delayed 
railroad shifts and shipments, as well as for factory breakdowns, etc. Despite 
this excess capacity for loading and unloading cars and trucks, there is less 
trackage and driveway space in the revised layout than existed in the old layout. 

5. WAREHOUSE HANDLINGS, SPACE, AND ROOF SUPPORTS 

The internal handlings of material that occur between the receiving dock and 
the shipping platform in a manufacturing plant and in a commercial warehouse 
may be outlined as follows: 
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TABLE 10. INTERNAL HANDLINGS OF MATERIAL BETWEEN RECEIVING 

AND SHIPPING 


IN A MANUFACTURING PLANT 

1. Unloaded at receiving dock. 

2. Piled on material-handling equipment. 

3. Hauled or conveyed to storage. 

4. Unpiled and placed in storage. 

5. Piled on material-handling equipment. 

6. Hauled or conveyed to point of first use. 

7. Stored in transit as work in process. 

8. Moved from production to assembly lines. 

9. Moved to finished-product storage. 

10. Selected to fill shipping orders. 

11. Hauled to shipping platform. 

12. Loaded on shipping car or truck. 


IN A COMMERCIAL WAREHOUSE 

1. Unloaded at receiving dock. 

2. Piled on skids or pallets at dock. 

3. Unit loads hauled to storage. 

4. Hauled from storage to assembly lines. 

5. Selected to fill shipping orders. 

6. Hauled to shipping platform. 

7. Loaded on shipping car or truck. 


Vertical versus Horizontal Storage Space 

Seeking the reduction or elimination of some of these handlings constitutes a 
primary objective of laying out warehouse space. In many plants, the total space 
occupied for warehousing exceeds the combined area required for all production 
machinery, equipment, and facilities. This proportion varies of course with each 
industry. 

The amount of space taken up for warehousing in a given plant is governed 
largely by the degree of the utilization made of vertical space in addition to hori¬ 
zontal space. It is considered better planning to lay out a warehouse according 
to cubage requirements than to do so solely on an area basis. 


Column Obstructions 

Another governing factor in laying out warehouse areas is the arrangement of 
column spacings. Columns are often spaced at 20-foot intervals (in multi-story 
warehouses). When skids and pallets are used for storing materials in the ware¬ 
house area, they should be designed to fit within the column spacings with mini¬ 
mum waste for clearances and in cubage used. Columns often interfere with the 
complete flexibility of a warehouse layout. To move material in and out from 
behind columns without wasting space and without incurring wasted handling is 
a continual problem. 


Truss Roofs versus Column-Supported Roofs 

Truss roofs eliminate most of these restrictions and permit greater freedom in 
designing the floor plan. Truss roofs have been avoided in the past in some lay¬ 
outs because they are more costly to build than column-supported roofs in build¬ 
ings with low ceilings. However, high-tiering operations have become more com¬ 
mon with the growing preference for one-story warehouses. 

It is often possible to offset the greater construction cost of the truss roof by 
utilizing the *^air rights” under such roofs, that is, the upper areas which were 
inaccessible under column-supported roofs. Now that higher ceilings are coming 
in under the urge to high-tier unit loads made possible by the fork-lift truck, 
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the time may have come for a re-examination of the comparative costs of the 
truss roof and of the column-supported roof. 

High-Tiering Operations 

Large and small fork-lift trucks are capable of high-tiering pallets to the 20- 
foot level. Stacks of this height are made by placing a second pallet on the first 
one, plus two more placed in position in one lift. Floor-load capacities must be 
ascertained before planning on pallet stacks of this height. 

6. MULTI-STORY VERSUS SINGLE-STORY WAREHOUSES 
Two Basic Types of Warehouses 

The type of structure for a warehouse has been largely determined by charac¬ 
teristic function of the warehouse in the receiving, handling, storing and shipping 
of material or merchandise. Then, too, the location of the warehouse, its size, 
the value of the land it occupies, internal handling costs, etc., have been con¬ 
tributing factors in selecting between a multi-story and single-story type of build¬ 
ing. By and large, however, warehouses may be classified into two basic types, 
namely: 

1. Multi-story warehouse. Depository for temporarily stored materials that 
require little processing, such as repacking, before reshipment. Usually 
located in large commercial or industrial centers, this type of warehouse 
functions as a freight terminal for railroads and ship lines, as a public 
warehouse for distributing merchandise out of congested cities, as a stor¬ 
age warehouse for furniture, or as an adjunct to a multi-story industrial 
plant. 

2. Single-story warehouse. Assembling point for gathering raw materials, 
bulk goods, perishable jiroducts, etc., most of which undergo processing 
before trans-shipment. This type of warehouse is common in many manu¬ 
facturing industries and in wholesale and chain-store enterprises. It func¬ 
tions principally as a collection depot rather than as a storage facility for 
prolonged periods of time. 

A modem conception of a multistory warehouse is a building of several stories 
and without elevators. Highway trucks negotiate every fioor of the building and 
discharge loads directly on the particular floor where the merchandise or material 
is to be stored. This plan reduces internal rehandlings and completely eliminates 
potential bottlenecks in vertical handlings. 

Present Trend in Warehouse Structures 

Except for the heavily congested city locations, however, the trend is away 
from multi-story warehouses and towards high-ceilinged single-story buildings. 
One of the motivating factors behind this trend is the higher cost of vertical 
transportation as against that of horizontal transportation. In one industry, it 
was calculated that a palletized unit load could be transported 100 feet horizon¬ 
tally for the same cost as moving it 13 feet vertically. 



WAREHOUSES 


Structural Costs of Warehouse Stories 

The structural cost disadvantage of a multi-story warehouse is in direct ratio 
to the number of floors, while the cost idvantage of the one-story building is in 
direct ratio with its squareness of shape. It may be inferred that, from the 
viewpoint of structural cost, the ideal warehouse building is a square, one-story 
structure. 

A number of elements that are not a factor in the one-story building add mate¬ 
rially to the cost of the multi-story structure. These are: 

1. Elevators, elevator shafts, and the walls inclosing them. 

2. Heavy live-load requirements must be provided for the several floors of 
the multi-story structure. In the one-story building, depending on the 
bearing value of the soil, there are practically no limits to what the floor 
will carry. 

3. At least two stairways are required in the multi-story structure to comply 
with the building codes, while no stairs are needed in the one-story 
building. 

Cost of Usable Floor Space 

In the final analysis, cost comparisons between the two types of buildings have 
xo be made on the basis of usable floor space. The costs of the gross floor area 
are higher for a multi-story building than for a single-story one. In the one-story 
building, the construction costs of the usable floor area are nearly a third less 
than those in a multi-story building. In addition, a considerable amount of 
floor space is wasted in the multi-story building for columns, elevators, stairs, 
approaches, and outside walls. Only the unobstructed, usable floor area creates 
income for amortization and dividends. Furthermore, the one-story building can 
be built in less working days than a multi-story building of corresponding floor 
space.* 

♦Data from U. S. Dept, of Commerce, Industrial Series 18, 1945. 
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Storerooms and Storage Facilities 

1. TYPES AND FUNCTIONAL REQUIREMENTS OF STOREROOMS 
Value of Material Handled in Plant 

The attention given to material costs in manufacturing operations, from the 
time the purchase specifications are written until the time the finished product is 
shipped out, varies in intensity along the line. In fact, the interest in material 
invariably blows hot and cold at different stages of the cycle within a manufac¬ 
turing plant. Purchase specifications may be rigid, inspection standards held 
high, and purchase prices maintained on a bedrock policy. Yet, as the material 
moves through the manufacturing cycle, this diligence begins to wane. The 
average factory worker and, in many cases, the department supervisors are sel¬ 
dom conscious of the value of the material being handled and processed. A con¬ 
tinuous supply of large visible quantities of a given material tends to breed a 
natural laxity in concern over the damage or waste of a certain quantity here 
and there in the material flow through the plant. 

Material specifications, prices, and inspection may be closely controlled, but 
the storing and handling of this same material are usually left exposed to loosely 
controlled hazards of damage, loss, and misappropriation. In most companies 
the handling of a few dollars in the petty cash box undergoes the utmost scrutiny. 
On the other hand, the handling of thousands of dollars of material is merely 
subjected to perfunctory inventory controls which tolerate blanket adjustments 
of many times the size of the entire petty cash fund without arousing propor¬ 
tionate concern over shortages. What plant manager would nonchalantly toss 
dollar bills around the floor of his plant? Yet in effect that is what is taking 
place every day, with the dollar bills in the form of materials out of control and 
also without adequate protection against shrinkage. 

Storerooms in former days were little more than leftover spaces not required 
for production equipment. These spaces were usually located in areas found least 
desirable for other forms of occupancy. An illustration of this type of storeroom 
is given in Figure 111. Cubical space is utilized to a very minor extent; handling 
must be done mostly by hand; and material is easily mislaid, buried under other 
types of material, misappropriated, or lost. In such storerooms of yesteryear, 
little thought was given to storage capacities required, location of storerooms, or 
the influence of storage facilities on production efficiency and cost. 

Utilization of Vertical Space 

The customary practice today is to plan and design a storeroom along the same 
scientific lines employed in laying out a processing department. A complete 
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analysis is made of all items to be stored, and suitable storage facilities are pro¬ 
vided to accommodate these requirements. In contrast to the old-fashioned 
storeroom shown in Figure 111, a modern type of conventional storeroom for 
small parts is illustrated in Figure 112. Steel binnage utilizes vertical space to 
provide greater storage capacity and a definite orderly arrangement of stored 
items. 



Fig. 111. WaRied floor space. Floor bins for storing hai\lware in a foundr>\ Vertical space, 
or ^^air rights,” above the low-height floor bins is entirely unused. Valuable floor space is 
thus wholly taken up by knee-height bins in various degrees of disarray. These bins could 
be racked vertically to conserve the building area thus occupied. Stored material is poorly 
segregated, and much of it i.s virtually unprotected from misplacement and handling damage. 


Where headroom permits, this type of storeroom arrangement can be doubled 
in capacity by the use of “double-height” binnage, that is, with an over-all height 
of 14 feet instead of the conventional height ranging from 7 to 9 feet. Such a 
storeroom is pictured in Figures 113 and 114. Through the use of double-height 
bins equipped with a steel grating attached at the 7-foot level, the storeroom area 
is made to accommodate a two-story instead of a one-story room under the same 
ceiling height. 

Multiple-Functions of Storerooms 

A storeroom is primarily a collection depot and reservoir for raw materials, 
worked materials, finished products, maintenance supplies, office supplies, small 
tools, etc. Depending upon its principal function a storeroom may be designated 
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under a variety of names, such as stockroom, supply room, tool crib, dispatch 
station, raw stores, floor stock, yard storage, work-in-process storage, shipping 
stock, live or dead storage, stock pile, or reserve stock. 

Material storerooms are principally reservoirs to keep the production lines ade¬ 
quately supplied with raw and semi-finished materials as required. These store¬ 
rooms may supply either raw materials or semi-finished materials. They may 



Fig. 112. Economical ulilizalion of floor space. Conventional small-parts storeroom equipped 
with fixed type of steel binnage. Storage capacity over a given floor area is roughly 500 per¬ 
cent greater than the knee-height bins in Figure 111. Of even greater importance from the 
standpoint of operating cost, the storage, accessibility, and control of stock can thus be im¬ 
proved beyond calculable measure over disorganized floor storage. 

serve as collection depots for materials partly processed in the plant and shipped 
out for further processing. In some plants, material storerooms are used as in¬ 
spection points, and may also serve as accounting points for payroll calculations. 

Functional Basis for Laying Out a Storeroom 

In determining the layout design of a storeroom, the following functional re¬ 
quirements are usually considered before undertaking a detailed study of the size 
and location of the storeroom: 

FUNCTIONAL REQUIREMENTS OF STOREROOMS 

1. Protection requirements for the material are dependent upon: 

o. Durability of the material. 

6. Its susceptibility to damage. 
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c. Effect of climatic conditions. 

d. Exposure to losses through pilferage. 

2. Handling. Special facilities required for handling and storing the material. 

3. Inventory control. D^ree of accuracy needed. , 

4. Centralization. Comparison of advantages of a large, centralized storeroom versus 
a series of smaller storerooms located at strategic points. 

5. Stores issues. Operators calling at storerooms for materials versus delivery of mate¬ 
rials to operators. 

6. Control point. Desirability of designing the storeroom for joint use as a control 
point for material quality or cost accounting. 



Fig. 113. Double’-height storeroom. Through the use of double-height bins, this storeroom 
area has been converted into a two-story occupancy. The over-all height of bins is 14 feet, 
yet any bin is within arm’s reach without the help of ladders or other movable device. The 
upper, or mezzanine, level is reached by a fixed stairway shown in the background in 

Figure 114. 

If these functional requirements are ascertained in advance of designing the 
storerooms, much time and effort may be saved. Capacity* requirements must 
next be determined before undertaking the laying out of the storerooms. 










234 


STOREROOMS AND STORAGE FACILITIES 


2. FACTORS FOR DETERMINING STORAGE REQUIREMENTS 

The basis for determining the storage requirements for a storeroom depends 
principally upon the type of material or supplies stocked in the room. Capacity 



Fig. 114. Mezzanine grating. An overhead mezzanine prating attached to the bin stucture 
at the 7-foot level provides the aisle flooring for the upper tiers of the bins. Note that the 
interior of the bins has been painted white to improve the visibility of the stored items. 

requirements for storing raw materials, for example, must take into consideration 
the following fundamentals: 

A. FACTORS OF SIZE AND FREQUENCY OF ISSUE 

1. Size of each item. Size consists of length, width, height, and weight of an individual 
piece. 

2. Size of container. Size consists of length, width, height, and weight of a full container 
in which the pieces are received. 

3. Number of pieces in a full container. 

4. Frequency of issue. Quantity of pieces required per year, month, and week, and 
representative number of pieces per issue. 

Although these four fundamentals of size and frequency will determine the 
flexibility required to meet fluctuating requirements for storing raw materials, 
added consideration must be given to such factors as: 
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B. FACTORS OF MARKET CONDITIONS OF RAW MATERIALS 

5. Market availability. Scarcity of the materials on the market, and length of period 
between purchase and delivery. 

6. Price fluctuations. Storage requirements are influenced directly by price conditions 
on the market. During periods of rising prices stocks are frequently increased beyond 
frequency re(iuirements, and are depleted when prices are falling. 



Fig. 115. Wo)k-iu-proccss movements. Pallets of worked material dispatched by fork trucks 
from storage areas direct to machine operators. Operator in foreground is checking a move 
order against the pallet load in which it was received. Photograph taken at the Erie Works 
of the General Electric Company. {Courtesy of the Electrical Industrial Truck Association.) 


Relationship to Productive Capacity 

In the end, after all storage factors arc considered, the capacity of the store¬ 
room for any type of material, whether raw, worked, or finished, stems directly 
from its relation to the productive capacity of the plant. A principal cause of 
interruption to production is the lack of needed materials at the time they are 
needed. Although the delay occasioned by an individual item of material may 
not appear serious by itself, the collective number of such delays gives rise to 
much unnecessary cost in production. The idle time of machine operators, extra 
setups, idle machine time, additional stock-chasing and production-expediting, 
plus numerous similar conditions, constitute in the aggregate a hidden load of 
wasted cost of operations. 

From the data developed in Chapter VIII in calculating the quantities to be 
manufactured and determining the capacities needed for the layout, it is but an 
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additional step to determine the quantities of materials required to be stocked 
for this production. It is from these storage requirements that plans are devel¬ 
oped for laying out suitable storerooms and floor storage areas, as illustrated in 
Figures 115 and 116. 

Since most storeroom stocks are based on the frequency of their turnover, and 
turnover is dependent upon the production schedules in the plant, the size of the 



Fig. 116. Work-in-proccss storage. Pallets and skid boxes stored at a 45-deKree angle to 
truck aisle. This type of storage insures instant accessibility and provides easy truck maneu¬ 
verability into and out of storage area at the Erie Works of the General Electric Company. 
{Courtesy oj the Electric Industrial Truck Association.) 

stock required of each material item becomes a straight mathematical calculation. 
Having thus determined the stock quantity of each material item to be stored 
and the frequency of its issue, the storage requirements for these items are devel¬ 
oped from the additional factors enumerated below: 

C. FACTORS OF CAPACITY AND EQUIPMENT FOR RAW, WORKED, 
AND FINISHED STOCK 

7. Maximum and minimum quantities to be stored. 

8. Type, size, and capacity of binnage, racks, and shelving required in the storeroom. 

9. If not stored in racks or bins, the method of storing to be used. 

10. Degree of protection the material requires from the standpoint of safety against 
fire, explosion, water damage, etc. 

11. Method of handling the material in and out of the storeroom. 

12. Inventory control requirements. 

13. Protection from pilferage and waste. 
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General Design and Location of the Storeroom 

With these data properly compiled and correlated, the design of the storeroom 
may then be undertaken. In laying out the storeroom proper, two factors should 
be settled quickly before too many layout details have been developed. These 
factors are: 

a. General design of the storeroom from a shape and cubage standpoint and 

b. Approximate geographic location of the storeroom in the plant. 



Fig. 117. Outdoor tutorage area. Freight-car siding has been dopre.'isoci below ground level to 
biing car floor down to yard level. Width of roadways permits easy maneuvering of indus¬ 
trial trucks. Material has been so arranged that it can be readily identified, handled, and 
inventoried. {Courtesy of Automatic Transportation Company, Chicago.) 

Either of these two factors may have a decided influence on the other. For 
example, if the location of the storeroom in the plant is a matter of prime impor¬ 
tance' the structural limitations of the plant building may determine the shape 
and size of the storeroom. On the other hand, if the storeroom is laid out to an 
ideal design, this design may affect the selection of possible locations suitable 
to accommodate this storeroom. 

Inventory Requirements 

The need for periodic physical inventories adds to the storage problem, particu¬ 
larly when the count is frequent and the accuracy required is exacting. Inven¬ 
tory requirements thus have a distinct bearing on storage layout and handling 
methods. 

Outdoor Storage 

► In determining the items that will withstand outside storage, consideration 
must be given to the effect of climatic conditions on these items. Some items 
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may be stored fully exposed to the weather; others may have to be covered with 
a tarpaulin; and another type may require the shelter of a shed, etc. Typical 
of items which may be stored in the open are non-ferrous stock, painted stock, 
heavy rough eastings, and material contained in drums and pails. Items that 
can withstand open storage when protected by tarpaulins or sheds include non¬ 
precision tools, equipment, hardware, material in wooden barrels, lumber, plumb¬ 
ing supplies, etc. 

A view of a well-arranged outdoor storage area is given in Figure 117. With 
depressed trackage and wide roadways, this arrangement provides most of the 
advantages of an efficient warehouse layout. Visibility, accessibility, and ease of 
handling are all present. Only the protective shelter of the warehouse roof is 
missing, but it is unnecessary for the items stored in this area. 

The layout of open storage space presents the same problems met in the ware¬ 
house, namely, the maximum utilization of stacking heights within the capacity 
of the mechanical equipment. It likewise requires easy access so that receipt, 
issue, and inventory operations can be carried out with a minimum of handling. 

3. LAYING OUT STORAGE BINS, SHELVING, AND RACKS 

Storing Pallet “Unit Loads” 

Items that are too heavy and too large to be stored in bins are usually consid¬ 
ered as a bulk-storage problem. Another type of bulk storage is found in the 
handling of items that may be stored on pallets, with the pallets stacked as “unit 
loads” one above the other, as many as five high. The vertical space above the 
5-foot level is what has come to be commonly known as “air-rights.” This space 
can be utilized for storage purposes through the growing use of fork-lift trucks. 
The space itself may be right beside the machines, on the loading platform, or 
in the warehouse. Its use adds to storage capacity and helps clear the aisles and 
loading platforms. 

Bin Storage Items 

Those items which can be stored in a bin because they can be handled, except 
in transportation, without the aid of mechanical devices, constitute in most plants 
the greater portion, by far, of all stored items. They frequently run into thou¬ 
sands, and tens of thousands, of pieces varying in size, weight, type, etc. In order 
to determine the best arrangement of bin space, three fundamentals must be 
considered: 

а. Size of the piece. 

б. Number of pieces in a standard container in which the pieces are received. 

c. Frequency of issue. 

Bin Storage Systems 

In its search for the best basis for determining the binnage layout for storing^v 
the 250,000 different articles handled in a general-supply depot, the U.S. Army 
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Ordnance made an exhaustive survey of the following existing industrial layout 
^ practices. They consisted of: 

1. Storing of material by part-number sequence in size groupings. 

2. Storing of material together through the grouping of products of specific 
manufacturers. 

3. Storing of material by grouping like items. 

These storage systems were carefully studied and found wanting for the Army’s 
stringent supply requirements. The practice finally adopted was based on the 
principle that storing of material in bins must be determined by size and fre¬ 
quency of issue alone. Practical experience has proved that the binning of ma¬ 
terial by size and frequency of issue meets the paramount need for flexibility. 

Standard Bin Sizes 

t 

Because of the wide variety in piece size, the planning of bin storage involves 
a wide variety of bin arrangements. For the handling of over 250,000 different 
articles in a depot, the Army Ordnance provided bins in the standard sizes shown 
in Table 11. 


TABLE n. RANGE OF STANDARD BIN SIZES IN ARMY ORDNANCE DEPOTS 


DESCRIPTION 

OF BIX 

NUMBIOR 

OF 

OPENINGS 

Height 

BIN SIZE 

Width 

Depth 

WIDTH 

OF 

AISLE 

DISTANCE 
TO SHIPPING 
ACTIVITIES 

Smallest box type 

84 

6" 

6" 

12" 

30" 

Nearest 

Largest box type 

4 

21" 

36" 

36" 

36" 

Farthest 

Smallest rack type 

21 

12" 

12" 

72" 

60" 

Nearest 

Largest rack type 

4 

21" 

36" 

36" 

60" 

Farthest 


Standard Stock Racks 

By way of comparison, the RCA Victor Division of Radio Corporation of 
America at Camden, N. J., has standardized its stock racks to the following 
storage unit. It may be joined together with other units, by tiering one unit on 

DESCRIPTION rack SIZE 

OF RACK Height Length Depth 

Standard stock rack 42^ 7218'' 

top of another to the desired height, and end to end to form a section of racks of 
any length within the requirements of the layout. The internal partitions of this 
standard-size stock rack may be arranged to any desired width and height to 
provide the suitable size and number of bin openings. 

Storage at Work Stations 

The problem of storing piece parts at a work station to await fabrication, while 
being processed, or after completion, has been handled fairly effectively through 
the medium of underbench stock racks designed to accommodate tote boxes and 
; other types of parts containers used for transporting work in process. Facilities 
of this type, however, do not remove the physical back strain and accident fac- 
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tors inherent in the manual lifting of loaded tote boxes or materials from under 
the bench to the working level. This storage and handling problem at the work 


Mechanized Storage at the Work Station 




A. Supply man loads rack with ma- B. Supply man wheels rack to work 

terial to ho processed. station. 



C, At work station, material is con- Z>. Supply man wheels away filled 

stantly at table level in feeder rack rack of processed material to next 

(left) as well as in finished rack work station or into storage. .f 

(right). 

Fig. 118. Automatic material rack. Spring-powered rack which automatically raises and 
holds a visible bank of material constantly at operator’s hand level in both the incoming 
and outgoing job lots. This rack performs the triple functions of (1) transportation, (2) 
material handling at the work station, and (3) storage. {Courtesy oj American Machine & 

Foundry Company, New York.) 


station has been eliminated through automatic material racks, such as the spring- 
powered type illustrated in Figure 118. This particular rack is on wheels, and 
therefore supplies its own means of transportation to and from the work station. 
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Fig. 119. Adjustable rack, quickly assembled to suit the requirements of the material to be 
stored. When these requirements change, the rack can be quickly dismantled and reassembled 
to dimensions needed. All sections and parts are standard and interchangeable. 



Fig. 120. Portable binnage. The trays serving as bins are supported in structural frames 
which are mounted on caster-equipped bases. Each tray is removable, or the entire unit can 
be moved to the point of use. Trays can be handled either manually or by fork truck or 

overhead crane. 


If 
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4. ADJUSTABLE AND PORTABLE RACKS AND BINS 
Adjustable Skeleton Racks 

The situation sometimes exists in which the type of material placed in storage 
dispenses with the necessity of providing bins in the storerooms. Frequently, 
skeleton-type storage racks are more suitable than bins for certain materials. 
These racks may be constructed from wood, piping, or structural steel. How- 



Fig. 121. Piling material on the floor is unquestionably the most expensive form of material 
handling. Each piece is individually picked up, moved, piled, unpiled, moved, and laid down 
in the material-handling cycle. Note waste of factory space above the pieces over which 

there is no piling. 

ever, many types are difficult to dismantle and reassemble when the necessity 
arises to adjust them or move them to a different location. 

Adjustable and portable racks that can be quickly fabricated and that also 
possess rigid structural strength are illustrated in Figure 119. These racks can 
be quickly assembled to meet specific storage requirements. They also lend 
themselves to quick dismantling and reassembling at other locations. Being 
made up of standard sections that are adjustable to desired dimensions, these 
racks offer unlimited flexibility in coping with changes in storage requirements. ^ 
Flexibility in fixed bin racks is obtainable, however, as shown in Figure 114, 
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through the medium of adjustable shelves which can be moved up or down to 
alter the heights of the bin openings. 

Portable Bin Racks ^ 

In addition to the introduction of rotating bins, adjustable racks, and adjust¬ 
able bins, a portable bin rack has been developed which has the effect of con¬ 
verting a storeroom into a mobile section of the plant. Through the medium of 
bin trays held in structural frames mounted on caster-equipped bases, as illus¬ 
trated in Figure 120, the entire bin rack can be moved from the storeroom to the 
point where the stored material is to be used. These tray racks may be wheeled 
by pushing or handled mechanically by fork-lift trucks or overhead cranes, de¬ 
pending upon the weight of the filled rack and upon the distance traveled. 

This movable multi-tiered rack can also be mounted on a skid to remove the 
mobility of the unit where easy shifting of units by unauthorized persons might 
lead to abuse. In this event, the trays themselves remain detachable and can be 
removed individually by hand as desired. If necessary, the trays can be affixed 
to the rack so as to prevent indiscriminate removal. In any event, should it be¬ 
come necessary to abandon the storeroom or to move it to another location, the 
entire room can be vacated in a matter of hours without involving any structural 
dismantling. 

Tierable Containers 

In some modern plants the tierable, or stacking, types of containers are used 
for storage purposes instead of more conventional binnage. Usually these con¬ 
tainers are designed to interlock, permitting safe stacking to considerable height. 
Some of the larger units are handled by fork truck or crane and usually contain 
unit loads of material. This method of storing material insures flexibility and 
usually minimizes handling of individual parts. 



CHAPTER XV 


Test Areas, Inspection Points, 
and Dispatch Stations 

1. PLANNING FOR QUALITY CONTROL IN THE LAYOUT 
Necessity for Quality Control 

The importance of making adequate provisions for controlling the quality of 
materials and products has received perhaps greater attention in the metal-work- ^ 
ing industries than in other types of intermittent manufacturing industries. This 
concentration may be attributed in part to the early start made in operation 
analysis, the cradle of quality control, by the metal trades. It is also due in part 
to the more rigid specifications required in machining metal parts on a mass- 
production scale for precision assembly into finished products. 

The necessity for quality control had already received widespread recognition 
in several other industries before World War II. War contracts not only inten¬ 
sified the necessity for quality control but also made it a permanent institution 
in most industries, whether engaged on war products or civilian goods. The plant 
layout of today can therefore no longer be considered complete without due pro¬ 
vision for quality control facilities. 

When a plant layout has been designed to hold to a minimum the necessity 
for the inspection of materials in raw, worked, and finished stages, the layout 
plan correspondingly reduces the cost of policing material standards. While 
doing this, the layout also tends to provide a smoother flow of production unham¬ 
pered by ill-timed or ill-placed interruptions to manufacturing operations because 
of inspection activities. 

Important Factors of Quality Control 

The functions of quality control are often construed as being limited to the fol¬ 
lowing two: 

1. Adhering to physical dimensions of a product to within the tolerances 
allowed over or under a given standard. 

2. Reaching perfection of finish in a product. 

Not only are these two goals only a start in the execution of quality control as 
it is applied in advanced industries today, but in some industries where quality 
control has been highly developed these two factors carry little or no significance. 
In such industries, other factors occupy the position of prime importance. For 
example, the quality control factor of predominant importance in chemical plants 
is the maintenance of consistency in process formulas. In packing houses, on the" 
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other hand, the paramount factors are the grading and health condition of the 
cattle to be slaughtered. Likewise, the lumber industry, glass industry, paper 
industry, etc., each has its own set of quality control factors for the materials 
and products it handles. 



Eiq. 122. Effective quality control. During the preliminary planning of a plant layout, a 
determination should be made of the provisions necessary to satisfy the conditions required. 
A synopsis of these provisions is contained in the chart shown above. 


Provisions for Quality Control 

The factors entering into quality control vary widely, of necessity, from indus¬ 
try to industry. During the preliminary planning of a plant layout a determi¬ 
nation should be made of these factors and of the provisions necessary to satisfy 
the conditions required for effective quality control. A listing of the specific con¬ 
trol factors to consider in each type of industry would extend beyond the scope 
of this book. A synopsis of the general provisions to explore in most manufac¬ 
turing enterprises is presented in Figure 122. If the general factors outlined on 
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this chart are closely investigated, the specific provisions to be made in the plant 
layout usually come to the surface during the course of the inquiry. 

Obtaining quality by reworking a material in process is somewhat like locking 
the door after the horse is out of the barn. Preventive measures have taken the 
place of corrective measures in recent years. This movement is clearly expressed 
in the following slogan used by a leading manufacturer: “Quality must be built 
into a product; it cannot be inspected into it.’^ It is through proper planning of 
the plant facilities and due provisions in the layout for quality control, rather 
than through remedial processing after the damage has been done, that the 
quality of materials and products is usually controlled most efficiently and eco¬ 
nomically. 

Preventive Measures to Control Quality of Work 

The majority of the layout provisions for quality control outlined in Figure 122 
call for automatic execution of the control as an intrinsic part of the process or 
of the operating conditions rather than as a series of objective inspections. The 
general trend in the effort to quality into the product^^ is along the lines 

summarized below. 

GENERAL PREVENTIVE MEASURES TO CONTROL THE 
QUALITY OF MATERIALS 

1. Raw material inspection. 

2. Suitable handling and storage facilities. 

3. Modern building structures. 

4. Good lighting. 

5. Scientific color schemes in painting the plant. 

6. Atmospheric control of dust, dirt, heat, and humidity. 

7. Periodic health examinations of employees. 

8. Adequate supply of measuring instruments for processes. 

9. Laboratory testing of samples and the development of statistical controls. 

10. Inspection stations located at strategic points along the flow of manufacturing 
processes. 

11. Use of test floors. 

12. Control over packaging and shipping methods. 

Most of these preventive measures require definite provisions to be made in 
the plant layout. The logical time to make these provisions, as experience shows, 
is while the layout is being designed and not at a later time as an afterthought, 
to be squeezed in here and there, once the layout has been developed. 

2. LAYOUT OF A RECEIVING-INSPECTION DEPARTMENT* 
Planning for Quality Control 

In capturing and holding markets for the finished products of a plant, the qual¬ 
ity of the products is usually as important as the selling price. Often quality 

♦ Material for this section contributed by J. Manuele, Director of Quality Control, West- 
inghouse Electric Corp., East Pittsburgh, Pa. 
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ranks above price in attracting and retaining sales markets. In the layout of a 
plant, therefore, planning for quality control becomes as important a fundamental 
as planning for production. 

The layout should be so arranged, however, that quality control can be ob¬ 
tained as a by-product of manufacturing activity, that is, at no additional cost 
over regular production cost. Getting something for nothing these days is un¬ 
doubtedly as questionable as it is extraordinary, but it is a recognized fact that 
proper planning will accomplish helpful feats at no added cost over inadequate 
arrangements of plant facilities. 

Prerequisites in a Receiving Department 

The starting point in quality control is noiTnally in the receiving department. 
Since the receiving of raw materials and purchased parts marks the first step in 
the manufacturing cycle, the layout must first provide for the place where, and 
the method by which, materials are received into the plant. The principal pre¬ 
requisites for quality control in a receiving department usually include the fol¬ 
lowing points. 

PREREQUISITES FOR QUALITY CONTROL IN A RECEIVING DEPARTMENT 

1. In order to make possible the proper inspection for quality and for conformity to 
specifications, it is essential that the receiving department be so located that all 
materials and purchased parts are caused to pass through this department. 

2. The receiving area should be fully enclosed and separated from the flow in the rest 
of the plant in order to prevent the material from reaching the plant or storage areas 
until it has been properly inspected. The receiving department thus becomes a 
receiving-inspection area. 

3. Since all material must pass through the receiving-inspection area, the layout of this 
area must provide for the efficient and expeditious movement of this material. 
Normally, material should pass through this area, from receipt to delivery, within 
one working day. 

Receiving-Inspection Department 

A typical combination receiving-inspection area is laid out on the floor plan 
shown in Figure 123. In this plan, the material is received by truck and rail 
and moves in a straight line from the receiving platform to the receiving floor, 
where receiving reports are filled out but withheld pending the signature of the 
material inspector. The receiving-inspection department is shown to the left of 
the receiving department. 

Quarantine Area 

All defective or rejected material or parts should be placed in a quarantine 
area until proper disposition has been made of these rejects. The quarantine 
area should be adjacent to, but not a part of, the receiving-inspection area. From 
this area, the rejected material might be disposed of by returning it to the sup¬ 
plier or by reconditioning it to bring it up to acceptable quality level. The quar¬ 
antine area in Figure 123 is shown to the left of the receiving inspection depart¬ 
ment. 
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Three Component Areas for Receiving Activities 

The layout of the receiving-inspection area shown in Figure 123 therefore con¬ 
sists of the following three component but separated areas: 

t 

1. Receiving department. 

2. Receiving-inspection department. 

3. Quarantine area. 

Both the receiving-inspection and the quarantine areas should be included in 
the plant layout. Adequate floor space and suitable equipment should be allo¬ 
cated for these two areas at the time the plant layout is being designed. To do so 
after the layout has been installed would be but a makeshift expedient at the 
expense of the receiving department itself. 

3. MODERNIZATION OF LABORATORIES AND GAUGE ROOMS 

The location of the inspection department with regard to plant areas surround¬ 
ing it or adjacent to it, is of particular importance, especially if the inspection 
department or laboratory contains sensitive inspection instruments. In design¬ 
ing the layout, care should be taken to avoid locating near the laboratory any 
manufacturing equipment that might cause vibrations in the laboratory instru¬ 
ments. A gauge laboratory, for example, should not be located in close proximity 
to a forge shoj) where heavy hammers might make the reading of delicate inspec¬ 
tion instruments both erratic and difficult. 

Old-Type Gauge Room 

Gauge rooms in metal-working industries have undergone considerable mod¬ 
ernization in late years. The features incorporated in modern gauge rooms neces¬ 
sitate special provisions in their layout. The old-type gauge room shown in 
Figure 124, where the then so-called ‘"precision” instruments were calibrated and 
serviced, had but one distinctive feature, namely, isolation. It had no protection 
from vibration, heat, cold, humidity, dust, or dirt. Furthermore, it contained 
little or no provision for extremely accurate linear measurement. 

Modernized Gauge Laboratory 

The demands of industry for closer tolerances in mass-production plants has 
led to the introduction of new control features in the modem gauge laboratory, 
such as the one pictured in Figure 125. In this type of room, completely con¬ 
trolled atmospheric conditions are attainable. To properly maintain the meas¬ 
urement standards on a fixed basis, the room is held at a constant temperature. 
Humidity is kept constant and air pressure is kept slightly on the positive side, 
thereby causing an outward flow of air and providing a supply of clean air at all 
times. 

Gauges are calibrated and precision measurements are concentrated in this 
laboratory. The walls are of salt-glazed tile, and the floor is covered with asphalt 
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Fig. 124. Old-style miuqe room. The construction of this room docs not lend itself to the in¬ 
stallation of atmospheric controls of humidity and temperatures. Instruments are confined 
mostly to physical-contact gauges not protected against expansion and contraction under 
various degrees of temperature. {Courtesy oj Westinghouse Electric Corporation, Pittsburgh.) 



Fig. 126. Modem gauge-control laboratory. The humidity and temperature of the room 
are automatically controlled. Measuring devices include various types of electrophysical 
gauges protected from abnormal humidity and temperatures. {Courtesy of Westinghouse 

Electric Corporation, Pittsburgh.) 
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tile. The ceiling is made of sound-deadening material. Many plants have dis¬ 
covered that laboratory rooms constructed along these lines are not in the nature 
of an extravagance. They are but an advanced means of coping with the ever- 
mounting problem of guarding the quality of the product in order to attract and 
hold the markets that bring in the profits. 

4. LOCATING INSPECTION POINTS IN THE PRODUCTION LINE * 

Guarding against Damage in Material Handling 
To prevent the production of defective units, close attention has to be given 
to the selection of proper manufacturing and handling facilities in planning a 
layout. The layout can contribute directly and in great measure to the attain¬ 
ment of a high uniform quality in the product by making adequate provisions to 
avoid damage to machined surfaces during transportation in the plant. 

Line Storage to Eliminate Handling 

Where conveyors are not feasible, line storage can contribute to product qual¬ 
ity in several ways. 

1. Line storage eliminates the handling of machined parts into and out of 
tote pans and boxes and piling parts on skids. The elimination of this 
handling automatically eliminates the incidental damage to finished sur¬ 
faces. 

2. Line storage also makes possible the proper ‘^sampling’^ of lots for pur¬ 
poses of inspection and of quality evaluation. Sometimes line storage can 
be designed to permit inspection without actual handling of the parts. 

Protecting Work in Process against Damage 
Trucks or conveyors for the line storage of parts should be chosen with care. 
The size of the parts and the quantities to be handled should dictate the type of 
equipment to be selected. When trucks are used, due consideration should be 
given to the desirability of trucks moved by hand as against those using motive 
power. In all cases, the governing factor is the protection of parts in the follow¬ 
ing stages of processing: (1) during storage, (2) during movement between oper¬ 
ations, and (3) during movement from operations to storerooms. 

Very often, the plant layout engineer will plan a layout that is well-nigh per¬ 
fect from the standpoint of flow of material. The handling or transportation of 
material between operations has been reduced to a minimum, and the flow of work 
through the shop is highly efficient. Yet he has failed to consider inspection sta¬ 
tions and to provide suitable locations for, these stations with respect to the flow 
of material and work in process between operations. Sometimes this omission is 
made deliberately in the interest of conserving floor space. 

Material for this section contributed by J. Manuele, Director of Quality Control, West- 
inghouse Electric Corp., East Pittsburgh, Pa. 
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Plant Layout Engineering and Quality Control 

The plant layout engineer will seldom be called upon to determine the type and 
number of quality control points to be established in the layout. Decisions of 
this nature are usually made by the persons directly responsible for the control 
of quality in production. In many industries, this responsibility rests with the 
design engineering department. In other industries, the sales department may be 
vested with this responsibility. In still other industries, a committee functions 



Fig. 126. Inspection station in production line. Exemplary inspection area properly planned 
and well laid out in the middle of the aisle it serves in a machining department. In addi¬ 
tion to being equipped with an auxiliary jib crane, this station is also served by an over¬ 
head crane. The natural lighting is supplemented by local fluorescent fixtures that are swung 
over the inspection-surface plates and may be pivoted out of the way when parts are being 
lifted on or off the tables. {Courtesy of Westinghouse Electric Corporation, Pittsburgh.) 

for the purpose of exercising control over the quality of manufactured products. 
The general trend at present is towards the setting up of a central quality control 
department as part of the plant organization. 

Because of the increasing importance of quality control, the plant layout engi¬ 
neer needs to be familiar with the basic principles of this activity in order to be 
qualified to plan inspection stations. To do this properly, he should understand 
the means by which the quality of products can be determined and maintained. 
He should also know what layout features should be engineered into the plant 
arrangement to help maintain quality at the lowest cost for the operation of 
quality control. 
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Locating Inspection Stations 

For the adequate control of quality it is necessary that inspection stations be 
located so as to allow the parts to be giyen proper inspection at a strategic time 
during the manufacturing cycle, such as after definite operations have been per¬ 
formed. An inspection station ideally located for this purpose is shown in Figure 
126. 

Very often, the omission of inspection stations is not discovered until the lay¬ 
out design has been completed, the equipment has been installed, and production 
has actually begun. Under these circumstances, the inspection stations are hur¬ 
riedly squeezed into whatever corner happens to be available, with utter disregard 
to proper lighting and ventilation. Sometimes even material-handling facilities 
are lacking. 

Makeshift arrangements of this type increase the cost of handling parts to the 
inspection area. This increased cost, in turn, causes proper inspection to be 
slighted. The upshot of this train of events is that quality is allowed to deteri¬ 
orate or costs of controlling quality are allowed to rise unnecessarily. 

It is not always desirable to locate inspection stations “in the line.” It might 
later be desirable to eliminate an inspection operation after proper control of 
product quality has been achieved. If an inspection station located in the line 
is thus later discontinued, valuable manufacturing space may be left idle. Con¬ 
sideration should therefore be given to the ultimate abandonment of an inspec¬ 
tion station before locating it in the production line. Such a station must never¬ 
theless be located where it will not affect the smooth flow of manufacturing 
operations. 

5. PLANNING THE GENERAL ARRANGEMENT OF A TEST FLOOR 
Test Floors as Proving Grounds 

In heavy industries, such as in the field of machinery and electrical apparatus, 
test floors are frequently made an indispensable part of the layout. These floors 
are primarily used for studying the performance qualities, rather than the physi¬ 
cal characteristics, of heavy apparatus before it is released for shipment to cus¬ 
tomers. A view of this type of apparatus and of the test floor on which the ap¬ 
paratus undergoes performance tests is shown in Figure 127. Very seldom are 
test floors used for the purpose of conducting destructive analytical tests such as 
are usually done in laboratory work. In contrast to destructive testing, test 
floors are used as proving grounds for the apparatus under inspection. 

Not all heavy apparatus, however, can be effectively tested on test floors. 
Some extremely heavy apparatus, such as large hydroelectric generating equip¬ 
ment, cannot be properly tested elsewhere than in position under actual operat¬ 
ing conditions. Builders of locomotives can test their product only on test tracks 
or in test runs “over the road.” Automobiles are likewise tested away from the 
shop, over rough testing grounds. 
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Laying Out a Test Floor 

The layout and design of test floors is a highly specialized task. The plant 
layout engineer should be capable of planning the general arrangement of a test 
floor, but the detail design should bo oxocutcd by someone thoroughly familiar 
with the operation of the equipment rcciuired for conducting the tests. Practical 
experience in the use of this test equipment is of utmost importance in planning 
the arrangement of this equipment on the general layout of the test floor. 



Fig. 127. Testing performance qualities of mechanical and electrical apparatus constitutes 
the primary purpose of a test floor. Instead of conducting destructive tests as is usually done 
in test laboratories, test floors are used as proving grounds of large apparatus before it is 

shipped to customers. (Courtesy of Westinghouse Electric Corporation, Pittsburgh.) 

In actually laying out a test floor, the planning engineer must determine not 
only the number of pieces of apparatus that will be tested and the rate of flow 
of these pieces as they come off the assembly line, but also the physical dimen¬ 
sions of the test rigs. In plants which build specialized equipment to customers^ 
orders, the test setups often become intricate and cumbersome. 

For example, in testing the driving motor for a rolling mill, some practical 
means for testing the load capacity of the motor must be set up. Because the 
rolling mill itself obviously cannot be set up on the test floor, test engineers must 
resort to mechanical or electrical devices which will reproduce the load on the 
motor under actual driving conditions. Since the various types of conditions to 
be tested are not all foreseeable far in advance, the planning engineer must pro¬ 
vide facilities for testing a wide and flexible range of probable conditions. 

6. PRINCIPLES OF DISPATCH-STATION LAYOUT DESIGN 

Controlling the Physical Flow of Material 

In addition to areas set up for testing, inspecting, and controlling the quality 
of materials and products, areas are also set up for controlling the flow of these 
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materials and products after they have been received and inspected. Such areas 
are designated as dispatch stations, and they have become increasingly popular 

in recent years. So long as material is in the_ 

course of being processed in the shop, it is not 
directly under control in regard to flow. 

Unless there is a positive means for following 
the movement of work in process, production 
bottlenecks may arise at unexpected times and 
thereby occasion costly interruptions in the 
flow of production. 

It is still not uncommon in intermittent 
manufacturing industries to start material on 
the manufacturing cycle and then allow the 
material to remain in the shop regardless of 
whether it is being processed or not. In such 
cases, the entire control of the flow of material 
is solely dependent upon ^^paper work” in pro¬ 
duction scheduling rather than upon the phys¬ 
ical control of the material itself. In theory, 
this form of movement control is intended to 
save material handling. In practice, however, 
as many a production manager will quickly 
acclaim, the strictly paper-control idea is usu¬ 
ally a fertile source of production headaches. 
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Functions of the Dispatch Station 

The evolution of the dispatch station has 
introduced a j)ositive control in material 
movements in many plants. The principle of 
the dispatch station is to provide a conven¬ 
iently located holding and matching point for 
physically controlling work in process and for 
storing it temporarily during pauses in the 
sequence of operations. 

As illustrated in Figure 128, raw material is 
routed from storage to the first dispatch sta¬ 
tion, where it is doled out on production orders 
to a given number of process operations. 

From this point, the worked material is either 
routed on to the second dispatch station (if 
first operations have been completed) or re¬ 
turned to the first dispatch station (if work 
on first process operations has not been com¬ 
pleted). In the latter situation, worked ma¬ 
terial is held in the first dispatch station until 

such time as it is scheduled for further processing in the first series of operations 
before being considered ready for release to the second dispatch station. 


Fig. 128. Dispatch-station layout de¬ 
sign. Raw material is routed from 
storage to first dispatch station, and 
from there to a given number of 
process operations. From thence it 
is either routed to second dispatch 
station or returned to first dispatch 
station to await completion of work 
in first processing operations. This 
cycle is repeated at each successive 
dispatch station until work is finished. 
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This cycle is repeated at each successive dispatch station until the worked 
material has finally been converted into finished products. When this stage has 
been reached in the manufacturing cycle, the finished products are released to 
either the finished-product storeroom or to the shipping area, depending upon the 
shipping schedule. At each move, therefore, the worked material passes through 
a physical control point where the work can be counted, inspected, held off the 
shop floor, and scheduled to the next processing point in quantities needed and 



Fig. 129. Mechanized dispatch station. Control point of flow of material through a machin¬ 
ing department processing a variety of small piece parts. All material is handled in tote pans 
traveling on a belt conveyor to and from the dispatch station. The upper level of the belt 
transports pans of material from the dispatch station directly to the machine operators’ 
work stations. The lower level is used for returning the pans of completed material from 
the machine operators to the dispatch station. Material not being processed is held at the 
dispatch station instead of in the shop proper. (Courtesy of Westinghouse Electric Corpora- 

tion, Pittsburgh.) 


in accordance with revised production schedules. This flow offers flexibility and 
smoothness of operation not attainable in hidebound paper work. 

Floor Space Allotted for Operations 

In planning and arranging operations for the plant layout, it is necessary to 
bear in mind that ordinarily the more excess space is allowed an operator, the 
less efficient he will become because of the increase in movements occasioned by 
the excess space. As a rule, the space for operations can be utilized more effec¬ 
tively if co-ordinated into a solid area rather than subdivided into a series of 
small, scattered work stations. 

In the co-ordinated large area, the processing equipment is arranged with a 
minimum of machine clearances and of allowances for storing material in process. 
The operator is expected to remain at his work station while the work is brought 
to him for processing and is later removed from his work station when he has 
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completed the processing operations on this work. The work is transported to 
and from work stations either manually or by means of mechanical handling 
equipment, depending upon the quantity of work involved and the frequency of 
its movement. 

A Mechanized Dispatch Station 

A dispatch station equipped with mechanical handling devices is shown in 
Figure 129. The dispatcher in this station has complete control over the flow of 



Fia. 130. Corrihinaiion storage and dispatch station. Cartons are selected and transported 
by belt conveyors to the point of use, in quantities needed and exactly at the time required, 
on the floor below. The packing station is kept free of carton storage, and the packers’ time 
spent in handling cartons has been reduced to a minimum. (Courtesy of Wcstinghouse Elec¬ 
tric Corporation, Pittsburgh.) 


material in process. Only one job at a time is routed to each operator, and that 
job must be completed before another one is dispatched to the same operator. 
Material handling is entirely mechanized, and for this reason it is held at a 
minimum. Work orders, drawings, and other operation information accompany 
the material in the tote pan. This prevents the accumulation of material at the 
several work stations and keeps the material under planned handling and actual 
control at all times. 

Combination Storage and Dispatch Station 
The same control principle can be applied to the handling of so-called “ex¬ 
pense” materials, that is, materials not entering into the body of the product itself. 
Examples of expense material would include packing supplies and maintenance 
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material. In Figure 130 is shown a dispatch station for storing and dispatching 
packing cartons. This particular station is located on the mezzanine floor di¬ 
rectly above the packing area. When cartons are needed, the packer calls for 
them over a direct communication system. The dispatcher then selects the de¬ 
sired cartons and places them on a belt conveyor which carries them to the pack¬ 
ing floor below and deposits them at the packer^s station, all within the period of 
a few minutes. Handling is thus reduced to a minimum, and the control of stock 
is kept effective and real. 



CHAPTER XVI 

Maintenance Facilities, Tool Cribs, 
and Sprinkler Systems 

1. PLANNING THE MAINTENANCE DEPARTMENT AND 

FACILITIES 


Types of Repair Shops 

Depending upon the type of industry, size of plant, and management policy 
towards the proportion of maintenance work performed by the plant force as 
against that farmed out on a contract basis, the nature and types of maintenance 
departments within a plant vary widely. Common to most plants are the ma¬ 
chine shop, the electrical shop, and the tool crib. Additional repair shops found 
in various plants include carpentry shops, pipe-fitting shops, blacksmith shops, 
welding shops, paint shops, etc. These repair shops may be located in readily 
accessible sections of the factory building or may be housed in separate buildings 
of their own. 

Locating the Maintenance Department 

Before the depression of the 1930^s, the maintenance department or depart¬ 
ments in a plant were usually relegated to whatever space was left over in the 
plant layout after all production departments had been suitably located. With 
the cost consciousness brought about by the depression, the factor of maintenance 
costs began to take on added significance. Whereas a maintenance department 
had previously been generally regarded as but a “necessary evil,*’ the mounting 
importance attached to maintenance costs literally lifted the repair shop “out of 
the cellar” and virtually placed it on a par with productive departments. Man¬ 
agement wras beginning to realize that each hour of production lost through delays 
in maintenance service due to improperly located repair shops was being dearly 
paid for in three ways, namely: 

1. The time lost by the productive worker. 

2. The output capacity lost on the manufacturing equipment. 

3. The cost of making the repair. 

Although it is recognized that productive operations (as shown in Figure 131) 
should be given the preferred locations in a plant layout, as dictated by the pat¬ 
tern of the flow of production, the maintenance departments must be located in 
sections readily accessible to the various operating departments of the plant, 
preferably near the hub of manufacturing activities. If a central maintenance 
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department is being planned, its most advantageous location should be determined 
as soon as the various productive departments have been blocked out on the area 
allocation plan. When a number of decentralized maintenance departments ap¬ 
pear preferable to a centralized one, studies should be undertaken to ascertain 
the geographic center of activity of each such department. Since maintenance is 



Fig. 131. Face~powder filling department in the cosmetio plant of Lady Esthor, Clearing 
(Chicago), Ill. Atmosphere of immaculate cleanliness is enhanced by bright ceiling and walls 
and the white caps and uniforms worn by the women workers grouped along the conveyorized 
workbenches. Gravity chutes and glassed partitions will be noted in the background. 
{Courtesy of Albert Kahn Associated Architects and Engineers, Detroit.) 


a service activity, much of the actual value of a service department is lost unless 
the department is so located that it can render that service quickly and effectively. 

Some plants have found it desirable to adopt a compromise plan of central 
and submaintenance departments. Under this system, a fully equipped and 
manned central maintenance department is located in a focal point in the plant. 
Subdepartments are then located at strategic points throughout the plant where 
they can provide quick and effective service on minor repair jobs. These sub¬ 
departments operate under the supervision of the central department and draw 
on the central facilities and manpower to amplify their local maintenance work. 
This plan operates with particular effectiveness in large plants consisting of 
numerous buildings or of widely scattered layouts. 
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Classification of Maintenance Activities 

Before planning a maintenance department, the plant layout engineer should 
acquaint himself thoroughly with the management policy regarding the perform¬ 
ance of maintenance work. Some plants endeavor to do as much of the main¬ 
tenance work as possible with their own plant force. The maintenance performed 
by a plant’s own crews is commonly referred to as ^^captive” maintenance. Other 
plants prefer to contract, or “farm out,” all but the minor repair work. To indi¬ 
cate the extent of “captive” maintenance work performed by maintenance depart¬ 
ments in various plants, maintenance work has been classified into 14 major 
categories and distributed progressively over three classes of sizes of maintenance 
departments shown in Table 12. 


TABLE 12. CLASSIFICATION OF MAINTENANCE DEPARTMENTS 
ACCORDING TO THE EXTENT OF MAINTENANCE WORK PERFORMED 


MAJOR 

CATEGORIES OF 
MAINTENANCE WORK 


CLASS 1 
Subdepartment or 
Small Department 


CLASS 2 
Medium-Size 
Department 


1. Maintenance of grounds. 

2. Construction of build¬ 
ings. 

3. Alteration to buildings. 

4. Repairs to buildings. 

5. Cleaning buildings. 


A. BUILDINGS 
Maintains only. 

No construction. 

No alterations. 

Minor repairs. 
No cleaning. 


AND GROUNDS 

Maintains and 
improves. 

Minor construc¬ 
tion. 

Minor altera¬ 
tions. 

Minor repairs. 

Daily cleaning 
only. 


B. MACHINERY AND EQUIPMENT 


B Installation of ma¬ 
chinery and equipment. 

7. Overhaul of machinery 
and equipment. 

8. Transportation equip¬ 
ment. 

9. Fire equipment. 

10. Office equipment. 


Minor installa¬ 
tions. 

Minor overhauls. 
No repairs. 
Inspects only. 

No repairs. 


All installations. 

All repairs. 

Minor repairs. 

Inspects and 
maintains. 
Minor repairs. 


11. Heating system. 

12. Lighting and power. 

13. Communication systems. 

14. Painting service. 


C. PLANT 
Minor repairs. 

No repairs. 

No repairs. 

No painting. ^ 


SERVICES 
Major repairs. 

Secondary wiring. 
Maintains. 

Minor painting. 


CLASS 3 

Complete or Central 
Department 


Maintains and improves. 

Constructs buildings. 

All alterations. 

Complete rehabilitation. 
Complete cleaning. 


All installations. 

All repairs and renewals. 

All repairs and installa¬ 
tions. 

Inspects, maintains, and 
installs. 

Most repairs. 


Major repairs and most 
installations. 

All wiring. 

Maintains and inafAlIn, 

All painting. 


Estimating the Size of the Maintenance Department 
Before deciding on the size class into which a maintenance department should 
fall, the following determining factors should be carefully analyzed: 
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1. Estimate of annual cost of maintenance work done by the plant force and 
of the work performed on a contract basis. 

2. Availability of maintenance trades in the plant locality. 

3. Comparison of cost of ^^own time^^ losses in production versus the standby 
cost of keeping maintenance crews available for critical operations. 

4. Effect on community and customer relations of captive maintenance work. 

5. Availability of competent personnel in the plant for captive maintenance 
work. 

6. Estimate of the amount of repetitive work in each type of maintenance 
trade. This forms the basis for determining the amount of justifiable cap¬ 
tive maintenance in each trade. 

7. Status of labor relations in the plant, and the contingency of jurisdictional 
disputes. 

A thorough examination of these seven key considerations will assist in deter¬ 
mining the portion and amount of maintenance work to be performed by the plant 
force. This estimate then becomes the basis for establishing the size of the pro¬ 
posed maintenance department. Not until the size of the department has been 
ascertained can the planning and layout of the department be undertaken with 
any degree of soundness or dependability. 

2. FACTORS IN PLANNING AND LAYING OUT TOOL CRIBS 
Insuring Availability of Small Tools 

The storage, maintenance, and issuance of small tools constitute a plant service 
the major importance of which is not often fully realized. The dollar value of 
investment per cubic foot of space occupied by the department that performs 
these functions, namely, the tool crib, is usually many times that of correspond¬ 
ing space in any other section of the plant. Furthermore, all the scientific plan¬ 
ning made in laying out machine tools becomes nullified without adequate plan¬ 
ning for an uninterrupted supply of small tools in topnotch operating condition 
at the moment they are needed. 

Much valuable machine-operating time can be lost each day while thousands 
of steps are taken by the machine operators in going to and from a crib to pro¬ 
cure small tools. Additional valuable operating time can also be consumed by 
the operators in waiting at the serving window of the tool crib while the crib at¬ 
tendant walks around the various bin compartments looking for the needed small 
tools, or while the needed tools are being ground and reconditioned for use before 
being issued. Basic precepts of efficient tool-crib operation therefore require that 
not only must the right type of small tools be kept available in adequate supply, 
but also that the tools must be kept reconditioned at all times for instant use. 

Types of Small Tools Stored in Tool Crib 

The small tools stored and repaired in the tool crib consist of such items as 
cutting tools (reamers, drills, etc.), hammers, screw drivers, wrenches, air ham¬ 
mers, portable drills, tapping attachments, and soldering irons. In some plants, 
tool crib items include dies, milling fixtures, and drill jigs. Precision tools such 
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as levels, calipers, micrometers, and bevel protractors are also usually kept in the 
‘ tool cribs. The reconditioning of small tools includes sharpening, welding, grind¬ 
ing, checking for accuracy, etc. 

In plants that operate a separate metal-stamping department, a special die- 
storage room is usually desirable near the presses. The aisles in this room should 



Fia. 132. Old-fashioned tool crib typified by dark area, cramped space, dingy appearance, 
small serving window, and congested storage. 

be wide enough to accommodate lift trucks. The shelving for die storage should 
be designed to hold the larger dies on lower shelves and the smaller dies on 
upper shelves. 

The layout of a tool crib is based principally on the computations made for bin- 
nage and aisle-space requirements. The bin arrangement in a tool crib is laid 
out and identified in a simple way which permits immediate location of tools 
through storage designations such as: 

Bin case 1, 2, 3, etc. 

Bin A, B, C, etc. 

Rack 1, 2, 3, etc. 

Shelf A, B, C, etc. 

Centralized Crib versus Chain Cribs 

Before a plant layout is developed in detail, a decision must be reached as to 
whether the plant is to be served from a single large central crib or from*a chain 
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of small subcribs operated in conjunction with, and supplied by, a main crib. 
There is no fixed formula, other than economic considerations, for selecting one 
plan in preference to the other. Generally, small plants utilize the single-cen- 
tralized-crib plan, whereas the larger plants find the main-crib system, together 



Fig. 133. Modern tool crib exemplified by convenient width and accessibility of its serving 
window. Guard rail protects workers at the window and regulates the flow of requisitions 
presented at the window The crib is well lighted and orderly in its bin arrangement. Tool 
control boards are located within easy reach of the window. (See Figure 134 for interior 
view of serving counter at this window.) 

with its chain of subcribs, more advantageous. The three principal factors in 
determining which plan is the more favorable in a given plant are: 

1. Walking time to and from the tool crib. 

2. Waiting time at the serving window (see Figures 132, 133, and 134). 

3. Additional cost of subcribs versus a centralized crib: 

a. Increased inventory and duplication of tools. 

b. Larger number of crib attendants. 

c. More floor space, partitions, and binnage. 

Locating and Planning Tool Cribs 

Having decided on the type of tool-crib systems most suitable for the plant 
layout, the remaining factors to consider in locating and planning the tool crib 
are the following: 

1. Locating the tool crib in the approximate center of operations to be served. 
This will minimize the walking time to the crib. 
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2. Laying out the tool crib to keep to a minimum the number of steps walked 
by the crib attendants in issuing tools at the serving window. 

3. Designing the crib enclosure and binnage to protect the crib stock ade¬ 
quately. , 

4. Making provision for tool-repair equipment which will permit tools to be 
reconditioned quickly and properly. 



Fig. 134. Serving counter at tooUcrih window. Rotary binnage installed under the counter 
permits crib attendant to issue small items of frequent demand without having to leave the 

serving window. 

5. Providing a tool-control system in the layout to show accurately the run¬ 
ning inventory and charge-outs of each type of tool. 

6. Allowing sufficient flexibility in the design of the tool crib to permit ad¬ 
justment of crib facilities to changing conditions in manufacturing opera¬ 
tions, such as expansion in production loads, changes in product design, 
etc. 

All these common factors, plus a number of special ones which arise in dif¬ 
ferent types of plants and industries, supply the basic data and conditions that 
influence the design of the detail layout of a tool crib. 

3. PROVISIONS FOR THE RECONDITIONING OF SMALL TOOLS 

Locating the Tool-Reconditioning Equipment 

The normal wear and tear on cutting tools from usage in the shop necessitates 
a periodic reconditioning of these tools by expert operators. In some plants, tool 
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grinders are located at strategic spots on the floor of the shop where the machine 
operators may conveniently grind their own tools instead of bringing them to 
the tool crib to be reconditioned. In places where expert operators can be en¬ 
trusted with this operation, reconditioning on the floor saves much time for the 
operators of the machine tools located around these grinders. Other tool-recondi- 



Fia. 135. Tool-maintenance equipment. Battery of tool grinders located in a tool crib. 
Grinder operators function as service-window attendants during peak periods. All cutting 
tools are inspected upon their being returned to the service window by the machine operators 
in the plant. Before being placed back into tool-crib stock, the tools are reground whenever 
they need it. (Courtesy of Gaudreau, Rimbach & Associates, Pittsburgh.) 

tioning equipment may likewise be locatedi at strategic points along the flow of 
production. Where the amount of time spent by machine operators in recondi¬ 
tioning their own tools on the shop floor exceeds the walking time required to go 
to a tool crib to exchange them for tools already reconditioned in the crib, it is 
usually more desirable and economical to have the tools serviced in the tool crib. 

Advantages of the Centralized Crib 

In Figure 135 is shown a tool crib equipped with a battery of tool grinders. 
The advantages of a tool-crib layout of this kind may be summarized as follows: 
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а. Tools can be reconditioned whenever necessary, while the applicant waits 

k at the service window. 

б. All tools are properly inspected upon being returned to the tool crib and 
are reground before being returned into tool-crib stock. Under these 
conditions, the tools are always maintained in serviceable condition for 
instantaneous reissuance to the shop. 

c. Grinder operators act as service-window attendants during peak periods 
of demands at the window. 

d. This layout eliminates the cost of forwarding the tools to a location other 
than the crib whenever reconditioning is necessary. 

e. It eliminates the need of carrying larger stocks of tools to allow for 
time in transit while the tools are being taken to another location for re¬ 
conditioning. 

^ Operation of the Chain-Crib System 

When the chain-crib principle is employed in a plant, the reconditioning of 
tools is often confined to the main crib. As a rule, the subcribs do not have a 
sufficient demand for tool reconditioning to warrant the installation of tool-repair 
equipment. Like all rules, this one likewise has its exceptions. In the end, how¬ 
ever, what governs the decision as to where the reconditioning work should be 
done, whether in a tool crib or on the shop floor, are the time element and relative 
cost involved. 

4. LAYING OUT SPRINKLER SYSTEMS AND WATER SUPPLIES 
Common Sources of Plant Fires 

In addition to making provisions in the plant layout for maintenance facilities 
to guard the buildings, machinery, and equipment against deterioration from 
wear and tear, the layout must also include facilities for protecting the plant 
against damage from fire. Although fires may arise from faulty wiring, spon¬ 
taneous combustion, and other sources attributable to the building structure, 
most plant fires stem from the occupancy of the buildings. These fires frequently 
result from carelessness on the part of the plant force or from hazards in process 
operations. For these reasons, the planning of protection against fire should take 
into consideration not only the features of the building design but also the prob¬ 
able number and type of operations in the plant buildings. 

When planning the fire protection system or contemplating revisions to it, it 
is a good policy to consult the fire insurance carrier and local fire authorities. 
This service is usually available without charge, and many helpful suggestions 
can be obtained. 

Operation of Sprinkler System 

By far the most reliable and effective means of fire protection in a plant is the 
A automatic sprinkler system. The sprinklers go into operation automatically soon 
after a fire breaks out. Each opened head wets the ceiling above it and deluges 
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an area of approximately 100 square feet with a downpour greater than the 
heaviest rain. Operating in heat and smoke, the sprinklers control inaccessible 
or unseen fires that could not be reached effectively by other means. Unneces¬ 
sary water damage is avoided because only those heads open that are needed, 
and all the water is used to good advantage. 

Locating Sprinkler Heads 

For reliable protection, sprinklers are needed wherever there is any appreci¬ 
able amount of combustible material either in the building structure itself or in 



Fig. 136. Layout of automatic sprinkler system for an industrial property, showing primary 
and secondary water supplies, together with control valves and check valves. {Courtesy of 
Factory Management and Maintenance.) 

the occupancy it houses. In sprinkler-equipped buildings, sprinkler heads should 
be located not only on the ceiling, but also in closets, under wide benches, in 
driers, and in any area shielded from the discharge of the main sprinklers at the 
ceiling. High-temperature heads are needed near unit heaters, steam pipes, in 
some skylights and monitors, over heat-producing processes, in ovens and driers, 
and in similar locations. 

Types of Sprinkler Systems 

The most common sprinkler system is the wet pipe, wherein the piping is filled 
with water under pressure, which is immediately discharged when the sprinkler 
head operates, and continues to flow until shut off. The dry-pipe system is used 
where buildings are unheated and water in piping would freeze. The piping con¬ 
tains air under pressure which holds back the water at a dry-pipe valve in a 
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heated location. When a sprinkler operates and releases air, the drop in air 
kpressure automatically trips the dry-pipe valve and admits water to the system. 
The layout of an automatic sprinkler system for an industrial property is shown 
in Figure 136. 

Sources of Water Supply 

Most plants plan their fire protection to be independent of outside assistance. 
In addition to automatic sprinklers, provision is made for ample yard hydrants 





Fig. 137. Gravity tank elevated on a steel tower on the roof of a building. 

and hose equipment, reliable and adequate water supplies, good watchman serv¬ 
ice, and an organized fire brigade. Water supplies to automatic sprinklers and 
yard hydrants must be adequate both in pressure and capacity. Common sources 
are public water systems, gravity tanks, private gravity reservoirs, or fire pumps 
taking suction from rivers, ponds, or cisterns. Two or more independent water 
supplies are usually needed to guard against the crippling or exhaustion of one 
supply during a fire. 

Public water systems are the most common and usually the best primary supply 
through one or more connections to street mains of ample size fed by large dis¬ 
tribution mains. Gravity tanks (see Figure 137) are used largely to supplement 
public water supplies where fire pumps are not feasible, or as a primary supply 
where a good public water system is not available. Gravity tanks are usually 
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made of wood or steel and are elevated on steel towers or buildings. The 25,000- 
gallon tank is used mainly for the protection of small city properties and should 
be reserved for sprinklers only. The 50,000-, 75,000-, and 100,000-gallon tanks 
are used on larger properties as primary or secondary supplies of water for the 
sprinklers and yard hydrants. 

The ideal arrangement of two independent gravity water supplies of ample 
capacity and pressure is seldom practicable. Therefore, a well-located fire pump, 
with ample suction supply and the capacity to maintain high pressure over a long 
period under most conditions, provides a satisfactory secondary supply. Cen¬ 
trifugal fire pumps of approved design are in common use. Practically all new 
installations use centrifugal pumps driven by electric motors, gasoline engines, 
or steam turbines. Most of the fire pumps installed are of the 1,000-gallon-per- 
minute capacity. 

Use of Standpipe System 

Next to automatic sprinkler equipment, a well-designed, -equipped, and -main¬ 
tained standpipe system furnishes the best means of obtaining effective fire 
streams in the upper stories of high buildings. Standpipe outlets may be de¬ 
signed to supply the small hose streams used by the occupants of the building, 
or the large hose streams to be used by public or plant fire departments, or both 
sizes of hose. In buildings of unusual height, standpipes are sometimes suj^plied 
by a series of fire pumps and tanks. 

Portable Extinguishers 

In addition to major equipment such as the sprinkler system, fire pumps, and 
perhaps a fire truck, provision should be made for locating small portable extin¬ 
guishers throughout the plant. Generally speaking, these are more effective for 
controlling small fires than are the sprinklers. Records show that small fires 
that are discovered and extinguished quickly are far more frequently experienced 
in industry than are the large fires requiring the use of major apparatus. 

The portable units may be of the carbon-tetrachloride-soda-ash or carbon- 
dioxide type. The kind of hazard governs the type of extinguishing medium to 
be used. For electrical fires, it is important that the medium be a non-conductor. 
For oil or gasoline or similar materials, it is necessary to use a smothering type 
of extinguisher. In any of these cases, water would add to the hazard. 

Quarters for Fire Equipment 

Some plants maintain a volunteer or paid fire brigade, in which case quarters 
for the crew, as well as an equipment room must be provided. This is mostly true 
of large plants only. How^ever, even small plants find it advantageous, from the 
standpoints of added protection and lower insurance premiums, to provide a 
small room where fire-fighting equipment can be kept and fire protection instruc¬ 
tions can be given to a volunteer group. 



CHAPTER XVII 


Power and Lighting Systems * 

1. OUTLINE OF FACTORY POWER-PLANT OPERATION 

The design and installation of a power house for an industrial plant (see Figure 
138) is a task for a trained power engineer. Likewise, the planning of electrical 
power distribution systems and lighting circuits in a plant calls for highly spe- 
^cialized engineering not within the scope of plant layout engineering. Yet plant 
layout influences, and is influenced by, the decisions made by these specialists. 

The relationship of power-plant operation to plant layout is concentrated prin¬ 
cipally on power drives, lighting systems, heating systems, and hot-water storage. 
A brief outline of the sequence and interdependence of activities within the fac¬ 
tory boiler plant (see Figures 139 and 140) will pave the w^ay for a 'subse¬ 
quent consideration of laying out power-distribution systems, power-motor drives, 
lighting circuits, heating systems, etc. 

SIGNIFICANT PRINCIPLES OF POWER-PLANT OPERATION 

a. Steam. Practically every industrial establishment requires steam for all three of 
the following applications: 

(1) Heating the factory buildings, 

(2) Supplying hot water, and 

(3) Providing heat for process operations. 

This steam is commonly generated on the plant premises. The building space, power 
equipment, and distributing facilities necassary to generate steam entail a major 
capital investment. 

b. Electricity. Every industrial establishment also has to have electrical energy, usually 
for all three of the following applications: 

(1) Supplying power to run electric motors, 

(2) Lighting the plant and process operations, and 

(3) Heating, electrical furnaces, ovens, etc. 

The problem of deciding whether it is cheaper to purchase this energy from a central 
utility service than to generate it on the premises as a by-product of steam production 
is a perennial question. There is no absolute scale against which any proposal can 
be checked. This is because in each case where a comparison is made, a new set of 
conditions is presented. The final evaluation depends almost entirely on the ability 
of the power engineer to determine and weigh the limiting factors. 

’'‘Material in this chapter has been edited by John F. Calhoun, assistant superintendent 
i^ of electrical construction, Philadelphia Electric Co., Philadelphia, Pa., and Walter W. Wen- 
delken, electrical superintendent, Westinghouse Electric Corp., East Pittsburgh, Pa. 
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As a general rule, when the demand for exhaust steam is small, it is cheaper to 
purchase electrical energy than to attempt to generate it in a steam plant on the 
factory premises. When the demand for steam in a plant is continuous and relatively 
heavy, the plant can frequently generate its own electric power more cheaply than 
it costs if purchased from a central station. 



Fig. 138. Factory power plant of llie Firestone Tire & Rubber Company, Los Angeles. This 
attractive building houses the boilers, air compressors, and other service equipment, as well 
as the switchgear controlling the electric power supply to the company’s large manufacturing 
plant on the premises. {Courtesy of Stone & Webster Engineering Corporation, Boston.) 

c. Heat balance. The common criterion governing the decision in favor of generating 
power on the plant premises is the ‘‘heat balance.” When the live steam required 
to generate the needed electric power is just sufficient to provide an adequate supply 
of exhaust steam to satisfy the plant’s requirements of low-pressure steam for heating 
the buildings, suppljdng hot water, and providing heat for process operations, a heat 
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balance has been attained in the power plant. In this way, no exhaust steam has 
to be wasted in generating electric power. The condensate can be returned to the 
boiler for reuse in the heat cycle. 

d. Hot-water storage. In plants where Is^ge quantities of hot water are used, a good 
heat balance may be usually maintained the year Vound by installing a large hot- 
water storage capacity. 

6. Exhaust-steam turbines. The heat balance can frequently be also improved by the 
operation of an exhaust-steam turbine to drive one of the main generators. It may 
also serve as a supplementary power source for heavy, continuous, motor-driven loads. 

/. Diesel engines. The Diesel-engine generating unit is frequently preferable to steam 
turbines in plants that do not require low-pressure steam and are outside of the 
area supplied by utilities. Diesel units produce no exhaust steam and operate with 
comparatively low fuel cost. 

Differences in Power Plant 

In summary, no two factory power plants are alike. Widely varying conditions 
of fuel, fuel costs, climate, cooling water, and plant requirements for low-pressure 
steam at various times throughout the year have a direct bearing on the results 
obtained from the powerhouse. These conditions make it advisable in some fac¬ 
tories, and inadvisable in others, to generate a portion, or all, or perhaps none, 
of the electrical energy needed. In order to determine accurately the economies 
that govern a particular case, each plant should be studied as a separate problem. 

Our concern in this treatise, however, is not so much with power-plant techni¬ 
calities from a power engineering standpoint as it is with the distribution of 
power from a plant layout angle. Attention will accordingly be focused on the 
end results of power-plant operation insofar as it affects the layout of the dis¬ 
tribution system, power drives, lighting circuits, heating facilities, and air-condi¬ 
tioning services. 


2. LAYOUT OF ELECTRIC POWER-DISTRIBUTION SYSTEMS 

Flow of Electrical Energy through the Plant 

The power-distribution system in an industrial plant extends from the point 
of entrance of the power-company service (when purchased power is used) or 
from the plant generating station bus (when power is generated on the plant 
premises) to the terminals of the utilization devices or their controls. A flow 
chart of the elements encountered in laying out an electric power-distribution 
system is shown in Figure 142. The flow of electrical energy from the source of 
power through primary and secondary circuits is traced to the distribution panels 
at load centers on the plant layout. From this point the flow is continued 
through to the power drives and lighting systems, all of which are likewise incor¬ 
porated in the plant layout. 
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Fio. 139. Factory power plant of the Naugatuck Chemical Company, Naugatuck, Conn. 
Boiler house is 66 by 90 feet, with boilers on second story. Stack is 175 feet high. Elevation 
drawing appears in Figure 140. {Courtesy of Lockwood Greene Engineers, Inc., New York.) 
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Fia. 140. Cross-section of power plant. Three boilers are fired by five-retort underfeed 
stokers. Normally, two boilers will cany the load. Boilers are on second story, about 18 feet 
above yard level. Economy in first cost was achieved by arrangement and compactness. 
See photograph of this power plant in Figure 139. {Courtesy of Lockwood Greene Engineers, 

Inc., New York.) 
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Components of an Electric Power System 

An electric power system, like a mass-production assembly line or continuous 
flow process, is made up of components which must be closely linked to insure 
a well-balanced operation. Some of the more important points to be considered 
when designing a pow’er system for a new factory or when modernizing an exist¬ 
ing system in an old plant, are listed below: 



Fig. 141. Outdoor boiler plant. This installation for a chemical plant is completely out of 
doors. It is a striking example of the growing tendency to omit housing for steain, power, and 
other service equipment. {Courtesy of Stone & Webster Engineering Corporation, Boston.) 

1. Reliability of service. Deciding on the desired limits of reliability calls 
for a careful analysis of the cost of total or partial shutdowns in manu¬ 
facturing operations. This reliability, however, may be more important 
with certain kinds of equipment or processes than with others. When 
interruptions in the power supply must be avoided at all cost, it is advis¬ 
able to provide duplicate power equipment or to obtain a reserve of power 
from a public utility. When an occasional shutdown will not cause seri¬ 
ous trouble, however, there is little need to go to extra expense to guard 
against probable interruptions. 

2. Reserve for expansion. Perhaps the greatest single error in industrial 
power-system planning is the failure to allow for load growth. The initial 
system should be installed with sufficient reserve for nominal load growth 
over the first few years and for expansion at any point in the plant. 

3. Flexibility. Every plant rearrangement, or process change, alters the 
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Under certain conditions, 1. Rigid conduit with tap-off points and switches. 

a single feeder can supply 2. Metal ducts with plug-in attachments. 

more than one load center. 3. Bus in duct with plug-m attachments. _ 

Fig. 142. Electric power-distribution system. Flow chart of elements encountered in laying out an electric power-distribution S 3 rstem in i 
dustrial plant. {Courtesy of John F. Calhoun, Assistant Superintendent of Electrical Construction, Philadelphia Electric Company.) 
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electric load requirements. Inflexibility of the power system can be as 
restrictive to progress as are immovable partitions or machines. Provi¬ 
sion for changes in plant layout and extensions to the plant, particularly 
in plants making frequent rearrangements of process machinery and 
equipment, is a necessity. This need is met by so-called flexible distri¬ 
bution systems comprising additional transformers, switchgear, bus bars, 
or cables carried in continuous metal ducts, with suitable provisions for 
tapping off or plugging into them. 

4. Maintenance facility. An adequate system should include such design 
features as accessibility to perform maintenance on the major components 
of the switching and distribution units without interrupting plant opera¬ 
tions. Circuit breakers should not be installed in extremely dirty atmos¬ 
pheres wliich would necessitate their frequent cleaning. Outdoor switch- 
gear (of draw-out type) and transformers are very reliable and will not 
use up valuable l)uilding space. Switches can be operated from remote 
points. Alainb'nance facilities should be provided in the main building 
or in a sejiarate building for this purpose. 


Incoming line 



Fig. 143. Typical single4ine diagram. Where details of complicated system connections are 
desired, simple schematic diagrams are preferred. {Courtesy of Anaconda Wire and Cable 

Company.) 

Single-Line Diagram as Guide for Layouts 

When planning an electric power system, the starting point is a single-line 
diagram of all parts of the system, from the source of power to the utilization 
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machinery and equipment. A master plan in this form acts as a guide for making 
detailed layouts. A typical single-line diagram is shown in Figure 143, and the 


Squirrel Cage Motor 
Synchronous Motor 
3-Phase "Wye" Connection 

3-Phasc "Delta" Connection 

Wound Rotoi Induction Motor 

D-C Motor 

Shunt Field 






Disconnecting Switch, Single Throw 
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"Delta-Delta" 
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Potential Transformer 
Current Transformer 
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Rheostat. Hand Operated 


Rheostat, Motor Operated 


Shunt 


Fuse 

-s- 

Oil Fuse 
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Battery 


Rectifier 

——||it 
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Oil Circuit Breaker, Non-Automotic 


-• Pothead, Non-Disconnecting 


Oil Circuit Breaker, Double Throw 
Oil Circuit Breaker, Truck Type 
Air Circuit Breaker, Automatic 



Mognetic Contactor 


(A) 

& 


Ammeter with Current Transformer 
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Meter (P.F >, etc. with Current ond Potential 
Transformers 


Air Circuit Breaker, Non-Automatic 
Air Circuit Breaker, Motor Operated 

Alt Circuit Breaker, Solenoid Operated HO- Auto-Transformer Motor Starter 

Pig. 144. Symbols commonly used for single-line wiring diagrams. 



Ammeter <A), Voltmeter (V), Wottmeter (W), 
etc. with Transformers, Overcurrent ond Under- 
pAvoltage Relays 


symbols commonly used on such a diagram are described in Figure 144. Whether 
the power-distribution system is for a new plant or for the modernization of an 
existing plant, the preparation of a single-line diagram is considered the most 
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indispensable first step. By means of such a diagram, alternate layouts can be 
analyzed for reliability of service, reserve for expansion, flexibility, maintenance 
facility, and cost. 

Estimating the Power Load 

Before this diagram can be made, the power requirements must be determined. 
The electric power system is then designed to fill these requirements. All pos¬ 
sible data relative to the load in the proposed or existing plant must be assem¬ 
bled. By comparing the study of power requirements with the load in the exist¬ 
ing plant, or that planned for the proposed plant, a sound basis is provided for 
designing the most suitable electric power system. 

Unfortunately, not much information is available in technical literature to help 
designers estimate loads. However, some useful figures are given in the publica¬ 
tion, ^^Electric Power Distribution for Industrial Plants,^^ published by the Com¬ 
mittee on Industrial Power Applications of the American Institute of Electric 
Engineers. 

It is not practicable to select a number of substations and decide on their loca¬ 
tion until some idea of the load requirements has been obtained. It is usually 
necessary to know the rating of every motor and the demands of every electric 
device to be used in the plant. Satisfactory results may sometimes be obtained 
from load-density figures, that is, watts per square foot of floor area, required 
for various types of manufacturing processes. Power-supply conditions are 
changing at such a rapid pace, however, that it is generally better practice to 
analyze each problem on power and lighting requirements from actual or pro¬ 
posed usage for the particular plant under consideration. 

After the initial load in the plant has been determined, the next most impor¬ 
tant step is to allow for future expansion. This allowance calls for more generat¬ 
ing capacity or for a larger supply from the power company, and also for more 
switchgear and stepdown substations. 

Load-Center Power Distribution 

Modern practice in designing plant layouts before construction and then plan¬ 
ning the structure around the plant layouts, provides an excellent opportunity for 
engineering load-center systems. Load-center power distribution, as illustrated 
in Figure 145, is set apart from other methods of delivery of eleetric energy to 
points of use within a plant by the following three distinctive features: 

1. Power is received and distributed at high voltage (2.4 to 13.2 kv) to unit 
substations located close to the centers of electric load. Here it is used at 
the primary voltage or stepped down to utilization voltages, and deliv¬ 
ered by short secondary feeders to the points of use. 

2. When the total plant load cannot be met by a single substation, two or 
more load-center substations are used rather than a single one. 

3. When flexibility and reliability are prime requirements, ties should be 
made between secondary sides of units. However, if such ties are used. 
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the cost of the installation is materially increased due to the necessity, in 
most cases, of installing higher interrupting capacity equipment. 

Locating Substations and Feeders 

It is advisable to check with the power engineer early in the planning stage so 
that location of substations and feeders can be planned as a part of the entire 
plant layout. Listed below are a few of the locations that have been chosen 



to keep secondary feeders short and to facilitate reclosing and inspection of 
circuit breakers without using valuable space: 

a. On a long wall near the working area. 

b. On balcony above the load center. 

c. In basement under the production floor. 

d. Outside the building and adjacent to the load area. 

e. On the building roof or in the trusses. 

/. On elevated platform close to the load. 

With the advent of unit substations located near the working area, it has be¬ 
come imperative to use substations with all parts inclosed in grounded metal and 
with switching equipment of adequate interrupting capacity. 

Transformer and Switchgear Equipment 

The type of transformer and switchgear equipment used has a direct bear¬ 
ing on the layout and location of it. Either oil-cooled, air-cooled, or chemi¬ 
cally cooled (Pyranol or Interteen) equipment may be used. In the event that 
oil-cooled transformers are used indoors, they must be housed in protected vaults. 
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For this reason, the general trend is toward air-cooled or chemically cooled 
3-phase units. The higher cost of the latter type of equipment is generally offset 
by the lower building cost it entails. 

Choice of Voltage 

Many smaller plants are served directly from the utility line operating at 15 kv 
or less, depending on the load. In certain instances, the primary voltage can be 
used for distribution to the load-center unit substations within the plant. On 
others, the voltage can be stepped down at the point of entrance and transmitted 
at lower voltage to unit substations in the plant. 

The choice of voltage is determined by the power company from the load re¬ 
quirements developed by the designing engineer. When large blocks of power 
are required, the utility company may supply the need at voltages above 15 kv. 
It is generally conceded that higher voltages should not be taken into the plant 
because of the excessive cost for building and equipment necessitated by these 
voltages. Therefore, transformation is required from the higher utility voltage 
to the primary voltage in an outdoor-type of substation from which power is fed 
directly to substations located at the load centers. By far the most commonly 
used voltage for power equipment of 200 hp or less is 460/230/115 volts, 3-phase. 

3. SELECTION AND LAYOUT OF POWER-MOTOR DRIVES 

The transmission of power from the prime mover, usually an electric motor, to 
the driven machines, either by direct connection or through speed-reducers, line- 
shafts, countershafts, belts, chains, gears, etc., constitutes a fundamental factor 
in plant arrangement. The type of motor drive selected for the machines either 
influences, or is influenced by, the arrangement of the machinery in the plant 
layout and the installation of overhead equipment, such as cranes and conveyors, 
in the space above the machines. 

Preceding the introduction of the electric motor, the steam engine was the 
common prime mover of industrial machinery. Because of the comparatively 
large size and high investment cost of the steam engine, a plant seldom had more 
than one of them. Power was transmitted from this engine to the various driven 
machines through the medium of lineshafts, pulleys, and belts. AVhen the steam 
engine was first replaced by the electric motor, a single motor was used to operate 
the lineshaft system. This driveshaft arrangement paved the way for the present- 
day group drive system. 

Two Types of Motor-Drive Systems 

Today, two general systems are in use for transmitting power from the prime 
mover, mostly the electric motor, to the various machines in the plant, namely: 

1. Individual drive system, in which each machine is driven by its own motor 
(see Figure 146). 

2. Group drive system, wherein two or more machines are driven by a com¬ 
mon motor, through the medium of a lineshaft (see Figure 147). 
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Characteristics of Power Drives 

These two systems each have their own set of advantages, disadvantages, and 
applications, as outlined in Table 13. Although either system can be used in 
many cases, the selection of the more suitable and economical one necessitates a 



Fig. 146. Individual drive system. With the ‘^plug-in” distribution system, considerable 
flexibilily is provided for changing machine locations in the plant layout. {Courtesy oj Bull- 
Dog Electric Products Company, Detroit.) 


cart'ful analysis and jiroper comparison of the following characteristics of the 
two types of iiower drives: 

1. Plant layout flexibility 

2. Speed variation 

3. Sjieed control 

4. Motor failure 

5. Machine operations 

6. Overhead shafting 

7. Overhead space utilization 

Seldom, except in very small establishments, are all the machines in the plant 
driven under one system. In most plants, the individual drive is usually ad¬ 
vantageous for some machines, and the group drive for the other machines. A 
third possibility is the multi-automatic machines on which two or more motors 
are needed to operate the several features on a given machine. This compound- 
drive method is used principally to avoid complications in the design of the 
machine, particularly in gearing and shafting, to provide the necessary range of 
speeds and variety of operations. 


8. Hazards 

9. First cost for installation 

10. Annual cost of operation 

11. Motor trouble consequences 

12. Power factor 

13. Power reserve 
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TABLE 13. CHARACTERISTICS OF POWER DRIVES 
For Transmitting Power from Prime Mover to Driven Machine 

INDIVIDUAL DRIVE GROUP DRIVE 

Each machine is driven by its own motor. Two or more machines are driven by a com- 

This is the favored type of power drive in mon motor, through the medium of a line- 

modernized plants. shaft. 

A, ADVANTAGES 

1. Plant layout. Provides greater flexibility 
for making changes in plant layout. 

2. Speed variation in wider ranges. 

3. Speed control obtained more easily. 

4. Motor failure does not shut down more 
than one machine at a time. 

5. Machine operations are more flexible be¬ 
cause of having to operate only the ma¬ 
chines that are needed. 

6. Overhead shafting cost and maintenance 
are non-existent. 

7. Overhead space above machines is clear 
and available for cranes, conveyors, etc. 

8. Hazards of broken belts and of dirt from 
overhead pulleys are eliminated. 

9. Appearance is neat and compact. 

10. Maintenance is less complicated. 

B, DISADVANTAGES 

1. Plant layout. Less flexibility for making 
changes in floor layout. 

2. Speed variation in more limited ranges. 

3. Speed control is more difflcult. 

4. Motor failure causes a group shutdown. 

5. Machine operations. Necessary to operate 
more machines than needed when only a 
few machines of the? group arc needed, un¬ 
less a clutch is used. 

6. Overhead shafting entails additional cost, 
maintenance, and accident hazard. 

7. Overhead space occupied by lineshaft cur¬ 
tails the effective operation of cranes, con¬ 
veyors, and other overhead equipment. 

8. Hazards of broken belts and of dirt from 
overhead pulleys are introduced. 

9. Appearance is less pleasing. 

C. APPLICATIONS 

1. Plant layout. On machines that 1. Power variation. When power required on 

a. Are subject to frequent changes in the machines varies considerably. The use 

location, of a flywheel with individual drive, how- 

h. Are scattered over a large area, or ever, may compensate for this variation, 

c. Are located at various angles. 2. Machine operations. On machines that are 

2. Overhead shafting. On machines that in fairly constant operation. 

would require countershafts if operated in 3. Power load. On machines occasionally re- 
a group. quiring extreme peak loads for a few sec- 

3. Overhead space. In areas requiring serv- onds at a time. Again, the use of a fly- 

ice from overhead cranes or conveyors. wheel with individud drive may fulfill this 

4. Power load. On machines imposing a requirement, 

fairly constant load. 


1. First cost for installation may be up to 
200 percent greater than for a correspond¬ 
ing group drive. 

2. Annual cost of fixed charges and mainte¬ 
nance may run from 25 to 60 percent 
higher. 


1. First cost for installation is usually cheaper. 

2. Annual cost of fixed charges and mainte¬ 
nance is cheaper. 
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^ Layout of Power-Motor Drives 

Individually driven machines may be located and moved around in a plant 
layout without much difSculty. The layout of group-driven ^nachines, however, 
is largely dependent upon the problem of locating the lineshaft. The accepted 
practice in laying out and mounting the individual drive is compared in Table 14 
with the corresponding factors inherent in the group drive. 


TABLE 14. LAYOUT AND MOUNTING OF POWER MOTOR DRIVES 
INDIVIDUAL DRIVE GROUP DRIVE 

A, LAYOUT 


1. Transmission of power from motor: 

a. By direct connection of power motor to 
driven machine, 

b. Through speed-reduction unit built into 
the motor, or 

c. Through a separate speed-reducer be¬ 
tween the motor and the machine. This 
reducer may be: 

(1) A variable-speed device, 

(2) A belt, 

(3) A chain, or 

(4) A gear. 

2. Power capacity of drive. Ample allowance 
for high stresses; 

а. During starting of motor. Starting 
torque of motor is frequently five times 
the full-load torque. 

б. Under peak loads. 


1. Transmission of power from motor: 

First stage: by belt or chain from motor to 

lineshaft. 

Second stage: by belt from lineshaft: 

а. Direct to driven machine, or 

б. Through a speed-reducer between the 
lineshaft and the machine. This reducer 
may be: 

(1) A countershaft, 

(2) A variable-speed device, or 

(3) A train of gears on the machine. 

2. Size of drive group. Number of machines 
to a group depends on: 

а. Power required by each machine, and 

б. Length of lineshaft needed. 

When drive group is large, motor failure 
shuts down a greater number of machines. 
When drive group is small, motor losses 
and investment may be greater than for 
individual drives. 


B. MOUNTING 


1. Motors. Should be mounted a few feet 
above the floor or on top of the driven ma¬ 
chine, to avoid winding failures arising 
from entrance of foreign matter, such as 
water, oil, chips, etc., into open motors. 

Where large amounts of fumes, dust, 
lint, etc. are present in the air, it is often 
advisable to use fully inclosed, fan-cooled 
motors. 


1. Motors. See notation at left for mounting 
motors on individual drives. For larger- 
size motors used on group drives, it is im¬ 
portant to leave enough clearance under 
the motors to facilitate inspection, oiling, 
and replacement. 

2. Lineshafts. May be located overhead or 
under the floor level: 

a. Overhead mounting. On supporting 
structure such as roof supports or bal¬ 
conies. In either case, the structure 
must be strong and rigid enough to bear 
the weight of the lineshaft and to with¬ 
stand the stresses developed in operation. 
5. Subfloor mounting. Motors and line- 
shafts installed in trenches or tunnels 
built into the floor beneath the rows of 
machines, and covered with steel floor 
plates. 
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Because of the stress requirements for lineshaft supports, it is frequently de¬ 
sirable to locate group-driven machines under balconies. The need for strength¬ 
ening the balcony structure, liowcvcr, must be as accurately ascertained as for 
strengthening the roof structure when the latter is used as the support for the 
lineshaft. If the roof structure is at a considerable height from the floor, it may 
be necessary to mount lineshaft hangers on columns or sidewalls. 

The disadvantages of lineshafts may largely be eliminated by installing both 
the shaft and tlie drive motor in a trench or tunnel built into the floor, as illus¬ 
trated in Figure 147. This particular trench is 24 inches deep and 20 inches wide. 

It is cast in the concrete floor directly beneath 
the rows of machines, and covered with steel 
floor plates. Belts protected by sheet-metal 
guards run upward to the machines through 
the plates. 

4. PLANT LIGHTING REQUIREMENTS, 
SOURCES, AND (TRCUITS 

Main Objectives of Good Lighting 

The two main objectives of good lighting 
in an industrial plant are: 

1. Accuracy of seeing the critical details 
in each manufacturing operation 

2. Ease of seeing these details by the 
brightness-contrast with their sur¬ 
roundings. 

To achieve these objectives, it is frequently 
necessary to make changes in some or all of 
the following contributory factors: 

1. Manufacturing method. 

2. Surroundings and layout. 

3. Lighting systems in the plant. 

Benefits of Good Lighting 

Attempts made to evaluate in tangible form 
the benefits of good lighting in a plant in¬ 
evitably end up in rough estimates of actual conditions. This is due principally 
to the composite influence of the following general factors which do not readily 
lend themselves to correct measurement: 

1. Vision. Improvement in accuracy, ease, and speed of vision at work 
stations. 

2. Morale. Improvement in morale and reduction in labor turnover. 

3. Housekeeping. Improvement in order and cleanliness and in appearance 
of the plant. 



Fig. 147. Group drive mounted be¬ 
low floor level in a trench underneath 
the driven machines. Removable 
steel plates fit over the trench. 
{Courtesy of Factory Management 
and Maintenance.) 
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4. Production. Increase in production, quality, and supervision, with at¬ 
tendant decrease in rejects. 

5. Accidents. Reduction in eyestrain and fatigue accompanied by a measur¬ 
able decrease in accidents. 

Lighting Requirements for a Plant Layout 

In attempting to establish lighting requirements in a plant, specific problems 
requiring special study fall into the realm of illumination engineering rather than 
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Fig. 148. (Courlc«i/ of Factory Miinagpment and Maintenance.) 

of plant layout engineering. For general investigation work, however, the follow¬ 
ing three measuring devices are available to the plant layout engineer: 

1. The foot-candle meter. Foot-candle readings taken at all work stations, 
storerooms, offices, and service areas are jotted down on the plant layout 
or are compiled in tables. 

2. Tables of recommended illumination levels. A graphic summarization of 
such tables is shown in Figure 148 for different classes of work. By com¬ 
paring the foot-candle meter readings with the intensities recommended 
in the experience table for the corresponding classes of work, the adequacy 
of the existing lighting system can be readily ascertained. For new plant 
layouts, the experience tables provide a ready guide. 

3. The visibility meter. This device enables the plant layout engineer to 
determine closely the minimum amount of light required for operations 
where it is desirable to secure more accurate measurements than through 
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the use of the foot-candle meter readings in conjunction with experience 
tables on intensities of lighting. 

Tables giving the levels of illumination recommended for a number of opera¬ 
tions in various types of industries are published in the American Recommended 
Practice of Industrial Lighting prepared under the sponsorship of the Illuminat¬ 
ing Engineering Society. The values given in these tables are briefly summarized 
in Figure 148. 



Fig. 149. General lighting in the assembly department of a naval ordnance plant. Note the 
controlled conditions of high-level illumination, air-conditioning, and acoustical ceiling to 
provide comfort for employees and assure quality of product. {Courtesy of the Austin Com¬ 
pany, Cleveland.) 


General and Localized Lighting 

The lighting of a plant is generally supplied under the following two classifica¬ 
tions or systems, each possessing its own characteristics and functions: 

1. General lighting. The generally uniform level of illumination provided 
throughout the work area through the medium of continuous rows or other 
arrangement of lighting units spaced symmetrically overhead (see Figure 
149). 

2. Localized lighting. In areas where the general lighting does not provide 
the needed higher levels of illumination at certain work stations, the light¬ 
ing units are placed in direct relationship to the machines in the work ^ 
stations. 
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Types of Industrial Lamps 

The three types of lamps commonly used for industrial lighting are the fol¬ 
lowing: 

1. Incandescent lamps. It is important that these lamps are of correct wat¬ 
tage size to fit the lighting equipment and are also of correct voltage 
rating. 

2. Fluorescent lamps. Although not introduced until the early 1940’s, these 
lamps now constitute one of the most important sources for industrial 
plant lighting. 

3. Mercury-vapor lamps. The type H lamp, or high-pressure lamp, has 
gained extensive acceptance in high-bay applications. Being deficient in 
the red rays, these lamps are usually installed where color discrimination 
is not an important factor. 



Fia. 160. High-intensity cold-cathode, lighting installed in control room of the Barbadoes 
Generating Plant of the Philadelphia Electric Company. 


A new type of lighting developed in the late 1940’s is the high-intensity cold- 
cathode system illustrated in Figure 150. The lighting units are entirely hidden 
above the translucent, glass-paneled ceiling through which a soft bluish-white 
light is distributed evenly over the entire area under the ceiling. According to 
observations in actual installations, the total cost of this lighting compares favor¬ 
ably with that of the fluorescent-lamp system. 
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Planning Office Layouts 


The Need for Office Planning 

It has been the custom in many plants to allocate space for offices without pre¬ 
vious study of actual requirements. This applies both to occupancy and location. 
\Micn this occurs, the result is an awkward arrangement, a waste of space, or both. 

The same degree of analysis can and should be applied to office planning as is 
usually done for the manufacturing facilities. The efficiency with which an office 
employee performs his task is considered just as important to the business as is 
the performance of the shop operator. To a large extent the selection and ar¬ 
rangement of equipment, as well as of working conditions, influence performance 
in both cases. 

1. LOCATING THE OFFICES AND ALLOCATING FLOOR AREAS 

In selecting the location for an office area, a first consideration is the geographic 
location with respect to the plant functions it is to serve If the department that 
the office is to house has most of its contacts with persons from outside the plant, 
then it should be readily accessible from the street. If most contacts are of an 
internal nature, then consideration should be given to locating it near the center 
of these contacts. 

If the office is to share a building housing plant activities, such as warehousing, 
storage, shipping, etc., it is often desirable to place the office on an upper floor, 
when elevators are available. This leaves the lower floors for factory or ware¬ 
house purposes to facilitate the movement of material from receiving or to ship¬ 
ping platforms or to other shop departments at a minimum of transportation and 
handling cost. From the office standpoint, the top floor provides better light and 
less noise from the factory or warehouse activities carried on in the same building. 

In plants where the offices are located in various buildings or where there is an 
appreciable amount of foot traffic between the office and the adjoining plant 
buildings, special attention must be given to the medium of access between these 
points. It is sometimes advisable to build connecting bridges, tunnels, or other 
forms of passageways for free circulation of foot traffic between buildings during 
inclement weather. 

Common Oversights in Office Planning 

Perhaps the most common mistake made in planning office space requirements 
is to underestimate the possibilities of future expansion. Short-sightedness in 
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this respect has caused many plants to give up their office space and construct a 
s, new building in order to accommodate the expanded ofiice force. With the in¬ 
creasing number of women employed in offices, it is necessary to include adequate 
facilities for women in the provision for future expansion. ? 

Another common oversight in office planning is the failure to provide enough 
storage and vault space for records. The employees are frequently compelled to 
travel too far to the vaults. Oftentimes not only larger vaults but more of them 
are needed. This problem may, however, be somewhat alleviated by microfilm¬ 
ing the records. 



Fig. 151. Modern general office. Stenographic departnn'iit in the Wm. Wrigley, Jr. Com- 
pany’is offices in C'hicago. Ceiling is soundproofed and carries air-conditioning ducts. Two 
sides of the room have natural light and \enlilation. Floor is covered with soundproofing 
linoleum and is free of eh’ctne conduits. Rouml-edged metal desks are equii)ped with posture 
chairs and reading stands. Note orderly aisle alignment. {Courtesy of U.S. Gypsum 

Company.) 

Basic Information for an Office Layout 

As in the case of laying out a shop department or a factory floor, a number of 
fundamental space requirements must be determined before the first attempt is 
made to lay out office space. The more important basic information commonly 
needed includes the following: 

1. Office functions. Location, arrangement, and accommodations vary widely 
between different functional types of offices. Administrative and sales 
offices usually have to accommodate outside visitors upon whom the ap¬ 
pearance of the office leaves an impression which influences their goodwill 
towards the company. Purchasing and personnel offices likewise receive 
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visitors continually, but the oflSce appearance is not so crucial an issue in 
this case. General oflSces (Figure 151), drafting rooms (Figure 152), tab¬ 
ulating rooms (Figure 153), production control offices, etc., likewise each 
present different combinations of requirements as to light exposure, floor 
loading, distance from plant activities, communication facilities, and in- 



Fig. 152. Drafting room without partitions at Pratt & Whitnoy Aircraft Corporation’s Kansas 
City plant. This arrangement provides a segregation of activities without the use of full- 
height partitions. The aisle is located along the outside wall to allow the maximum area 
layout without the intervention of a bisecting aisle. {Courtesy of Albert Kahn Associated 

Architects and Engineers, Detroit,) 

ternal appointments. The flow of authority in the company's organization 
chart frequently exerts an insurmountable influence on the arrangement 
of offices in a layout. 

2. Conference rooms. The size and frequency of the conferences to be held 
will determine the amount of floor space to be set aside for conference 
rooms. This provision is frequently squeezed in as an afterthought or 
made as a subterfuge to absorb unexpected excess space after the layout 
has been completed. Advance consideration given to this requirement 
will assure better locations and more adequate space for conference rooms, 
and less likelihood of discovering 'Vhite elephants’^ after the planning is 
done. 
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3. Office force and equipment. In order to allocate suitable areas to each 
department, the plant layout engineer must have a list of office personnel 
denoting executives and their secretaries, department heads and their key 
assistants, office-machine operators by types of machines operated, and 
general clerks by types of duties. For each person appearing on these 
departmental lists, it is necessary to show the quantity and type of office 



Fig. 153. Punched card accounting-machine room. Medium-sized installation of punched 
card equipment in office quarters. Note generous aisle space around each machine unit, 
and location of key punches so that operators have natural light over their left shoulders. 
Fluorescent lighting, acoustic ceiling, and linoleum flooring are particularly conducive to 
operator efficiency in this type of office. (Courtesy of International Business Machines Cor- 

poration, New York.) 

furniture, equipment, machinery, special filing, and storage and com¬ 
munication facilities required. With this information at hand, the plant 
layout engineer is ready to start roughing out an area location and alloca¬ 
tion for each department. 

Figure 154 specifically illustrates the importance of knowing in advance the 
functions, number of personnel, and description, type, and size of furniture, ma¬ 
chinery, and equipment required in each particular department before planning 
a layout. The mail department in this photograph consists of many thousands 
of scientifically numbered subscriber bins into which millions of credit reports a 
year are collected and from which they are pulled daily for mailing. An oflSce 
area of this kind requires bin sections of predetermined specifications; a network 








294 


PLANNING OFFICE LAYOUTS 


of aisles laid out to conserve floor space without giving rise to excessive walking; 
adequate lighting facilities; and instant access to all individual bin compartments. 
The planning requirements shown here on a large-scale operation apply in cor¬ 
responding degree to a smaller office department, such as a lonely addressograph 
room, if the layout is to be an efficient one upon completion. 



Fig. 154. A mail dcparlmcnt in high gear for routing millions of credit reports a year in the 
New York offices of Dun & Bradstreet, Inc. The department, is laid out in bin secitions 
identifiable in the photograph by circled numbers on the top surface of each section. Each 
bin section is so designed that a mail clerk can reach all the bin boxes within the section 
from one standing spot. Each bin box is subnumbered to denote a particular subscriber to 
the report service. Each box contains a supply of envelopes prcstencilcd with the subscriber’s 
number, name, and address. When the supply in any box runs down to three envedopes, the 
stencil IS removed from inside the box and sent to an (‘h'ctric sl(niciling machine for replenish¬ 
ment. Mail niattei is presorted by bin .scction.s belon* the mail clerks take it to a section for 
stuffing into bin boxes. At the end of the day, the mail in each box is stuffed into a pre¬ 
stenciled envelope and released to a sealing and postage-metering machine. {Courtesy of 

Dun & Bradstreet, Inc.) 


2. TYPES OF PRIVATE AND GENERAL OFFICES IN A PLANT 
Size and Boundary of Office Areas 

After segregating the functions, personnel, furniture, machinery, and equipment 
of each office department into a separate floor area on the area-allocation dia¬ 
gram, the next step is to determine the size and boundaries of each departmental 
area. In a manufacturing plant, office-departmental areas may consist of the 
following: 
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1. Administrative oiBces. This area usually includes separate private offices 
for the board of directors, president (Figure 15»5), each vice-president, the 
treasurer, secretary, conference room, reception room or lobby, and a room 
for the private secretaries. 

2. Executive offices. Separate private offices for sales manager, advertis¬ 
ing manager, production manager, traffic manager, purchasing agent, 



Fi(!. lo5. PrendcriVs office at tho plant of the Louisville, Ky., Cnnrier-JournnJ and Loniaville 
Times. See Figure 185. (Courtesy oj Lockwood Greene Engineers, Inc., New York.) 


comptroller, personnel manager, engineering manager, director of research, 
and adjoining open areas for the staff assistants and stenographers. In 
many establishments, the administrative and executive offices are inter¬ 
mingled, depending upon the size and type of company organization. 

3. General offices. These are usually large areas housing from half a dozen 
or so clerks in small plants, to a large group comprising hundreds of clerks 
in the larger establishments. There may be a general office for each of 
such departments as payroll, general accounting, cost accounting, credit, 
sales order and billing, purchasing, engineering, production planning, mar¬ 
keting, sales research, advertising, tabulating machines, typing, duplicat¬ 
ing, etc. Within these general offices, the smaller companies frequently 
set up small private offices for department heads, buyers, sales corres¬ 
pondents, and influential staff assistants. 
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4. Shop ofSices. In this group are various areas, either with or without par¬ 
titions, assigned to such functions as plant superintending, plant engineer¬ 
ing, production scheduling, stock ledgers, employment, medical, product 
research, timekeeping, foremanship, and shipping. 

Private versus General Offices 

The extent to which private offices are justifiable for single occupancy, or for 
small groups up to about a dozen people, has long been a debatable point. The 
advantages claimed for the private office on the one hand, and for the general 
office on the other, may be summarized as follows: 

ADVANTAGES CLAIMED FOR SMALL OR PRIVATE OFFICES 

1. Segregation of employees increases efficiency by reducing distraction and tempta¬ 
tion for “horseplay.” 

2. Less disturbance from noise of office machinery. 

3. Better utilization of floor space by being able to place furniture and equipment 
against partitions. 

4. Heating, lighting, ventilation, and painting can be adapted more directly to suit 
particular activities. 

ADVANTAGES CLAIMED FOR GENERAL OFFICES 

1. Less floor space required per employee. 

2. Better supervision through closer contact between the department head and the 
employees. 

3. Less confusion through better access to files and other groups integral to a depart¬ 
ment. 

4. Less office machinery through wider common use made of the machinery. 

5. Less investment in the layout. 

6. More flexibility and quicker installation of the arrangement. 

In every case of office planning, the determination of over-all space require¬ 
ments should be made without thought of segregation. After the general space 
requirements are known, the number of private offices required can be ascertained 
on a sound basis. 

3. STANDARD SPECIFICATIONS FOR LAYING OUT OFFICES 
Average Clearances and Dimensions 

Average minimum clearances and generally accepted standard specifications 
serve as guides to plant layout engineers in the development of plans suited to 
the particular conditions of the layout. This section contains information on 
doors, windows, corridors, and average minimum clearances necessary around 
typical units of office furniture. Data are based on standard sizes of office furni¬ 
ture and equipment, plus allowance for the space taken up by the person occupy¬ 
ing the unit. Variations in dimensions, whenever they appear, are principally 
due to variations in furniture sizes. Space and room limitations indicated are 
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not to be considered absolute, but only typical. In every case more liberal allow¬ 
ances should be made where it is possible to do so. 

Doors. A door should swing inside the private office, as illustrated in Figure 
156. It should be so located that it will swing 
back against the cross-partition to give the 
greatest flexibility for furniture layout. This 
arrangement also provides the maximum wall 
space. Pair doors are used to give a wider 
opening, but generally this is unnecessary. 

Double-acting doors require swinging space on 
both sides of the partition, and entail the dan¬ 
ger of striking a bystander. Interior doors are 
usually 7 feet high. The door plus transom 
reaches a height of 8 feet, 6 inches. 

Ceiling heights. A minimum clear height 
of 9 feet, from floor to ceiling, is recommended 
in office areas. 

Angular partitions. A layout involving an¬ 
gular partitions should be avoided as it is wrong 
in appearance, wasteful of floor space, and awkward for furniture arrangement. 
An economical method of designing corridor access to corner offices involving 
partition angles is illustrated in Figure 157. 



Fig. 167. Partition angles with economical corridor access to comer offices. {Courtesy of 
E. F, Hauserman Company, Cleveland.) 

Window-sill heights. These are relatively standardized at approximately 2 
feet, 6 inches, although some are as high as 3 feet. The sketches in Figure 158 
illustrate methods of determining sill heights in special cases where furniture and 
equipment are the governing factors. 

Corridors. Corridors vary in width, but average 6 feet in most large offices. 
The minimum corridor width is set by some codes, in which case it must equal 
the minimum exit-door width. Methods for determining corridor widths in ac¬ 
cordance with human figure dimensions are shown in the drawings in Figure 159. 
With a minimum radius of 4 to 5 feet at all corridor intersections and with stairs 
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Fig. 156. Doors. Location and 
swing. {Courtesy of E. F. Hauser'- 
man Company, Cleveland.) 
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wide enough to handle two-way traffic and moving of equipment, many difficulties 
can be avoided. The recommendations of the National Safety Council and 
American Standards Association may be helpful guides. 

Desk clearances. Average minimum clearances around standard desks of 
different types are illustrated in Figure 160. Ranges in the dimensions shown are 


Window-sill heights, determined by furniture and equipment heights 



Desk, plus book shelf Files, varying heights Cloakroom, hanging 

(possibly concealed corresponding to standard rod plus hat shelf 

radiation) file dimensions 


Fig. 158. Window-sill heights. D(‘t('riiiinod by heights of furniture and equipment. {Courtesy 

oj Arclwtectural Record.) 

principally due to variations in desk sizes. Allowances for passage, bookcases, 
and files are also shown for various arrangements. Si)aee for wastebaskets is 
likewise illustrated. 

Filing cabinets. Standard clearances for both legal- and letter-size filing cabi¬ 
nets are shown in Figure 161. In laying out files, careful consideration must be 



Fig. 159. Corridors. Minimum clearance, based on dimensions of human figure. {Courtesy 

of Architectural Record.) 


given to open drawers and passage space when files face an obstruction, such as a 
partition or desk, and when they are placed face to face. In selecting filing cab¬ 
inets, the height of the cabinets may pose a critical problem. 

Shelving. In Figure 162 are shown the standard clearances for ac(;ess to 
shelving, and for both access and passage when the shelving faces an obstruction 
such as a railing or desk. 
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FILES 

Standard clearances for 
both legal and letter sizes 



Passage, drawers 
closed only 



open 



Files, face-to-face 
passage with drawers 
closed only 



Files, face-to-face 
passage, drawers open 


Fig. 161. Filing cabinets. Standard clearances for both legal and letter sizes. {Courtesy 

of Architectural Record.) 


SHELVING 

Many depths are available; usual 
minimum for A equals twice shelf 
depth, to permit easy removal of 
contents 



Fig. 162. Shelving. Standard clearances for access, and access and passage. (Courtesy 

of Architectural Record.) 
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Off-center partitions. The column centers of multi-story reinforced concrete 
office buildings are generally between 15 feet and 25 feet. There are often two 
windows between columns. The square area inclosed within four columns, one 
column at each corner, is called a bay. It is often assumed that column centers 
arbitrarily determine ofiice widths, particularly for private offices. This rule is 



Fia. 163. Off-center partitions. Symmetrical layout independent of column- or window¬ 
spacing. (Courtesy of E. F. Hauscrmnn Company, Cleveland.) 


not necessarily binding. Figure 163 shows an office where the partitions do not 
follow column center lines. The result is flexibility in the widths of offices. 

4. BASIC PLANS FOR LAYING OUT GROUPS OF OFFICES 

Planning private offices. The width and length of a private office are often 
selected to accord with the desk arrangement which the occupant desires. Figure 
164 illustrates seven typical arrangements for private offices, together with aver¬ 
age minimum clearances which govern the width and length of the office in each 
case. The planning of private offices for executives is made more in accordance 
with personal preferences than with the minimum dimensions illustrated here. 
For private offices other than for executives, however, the illustrated dimensions 
provide a guide for office planning and layout. 

Foundation plans for small offices. A logical plan for laying out a group of 
small offices within an area of two bays is illustrated in Figure 165, with a cen¬ 
tralized lobby as a focal point. A second arrangement for the same space is 
shown in Figure 166, with a single general office provided with a separate entrance. 
These two layouts may be considered as foundation plans for small offices. Other 
layouts for this size of space are merely variants worked out by rearranging one 
of these two plans to suit the conditions at hand. 
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Three-dimensional office layouts. An office may be laid out in three-dimen- 
sional form through the use of miniature models of office furniture, equipment, 
machinery, personnel, and partitions as illustrated in Figure 167. This repre- 


PRIVATE OFFICES 




Corridor 



Fio. 164. Private offices. For single desk, desk and table, two desks, and over two desks. 

(Courtesy of Architectural Record.) 


sents the existing layout at the Brock-Hall Dairy Company, New Haven, Conn., 
at the time a new layout was being designed. The models are positioned on cross- 
section paper, of four divisions to the inch. In planning a new layout, these 
models are shuffled around and placed in position to provide a preview of various 
arrangements of the offices, aisles, doors, and corridors without spending long 
hours in preparing detail layout drawings. 








GeitceAL OfricB 

Fig. 166. Second arrangement for space shown in Figure 166, with a single general office" 
provided with a separate entrance. {Courtesy of E. F. Ifmiserman Company, Cleveland.) 
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^ 5. OFFICE LIGHT, HEAT, VENTILATION, AND ACOUSTICS 

Facilities for office efficiency. When the office layout has been developed to 
the point where private offices and departmental areas have been allocated and 
enclosed on the plan by the corridors, partitions, and aisles, the next step is to 
si)ot each i)icce of office furniture, equipment, and machinery on the layout. This 
is followed by making suitable provision for furnishings, illumination, tempera¬ 
ture control, and acoustical treatment. 



Fig. 167. Vsr of mwiniurc wodch in the layout of the office? of the Brock-Hall Dairy Com¬ 
pany, New Haven, Conn. iCourtef^y of Stevenson, Jordan Harrison, 7ac., New York.) 


Because of the normally greater nervous tension and mental strain integral 
to office work than to shop activities, the factors of light, heat, ventilation, and 
acoustics are usually more significant to office workers than to the plant force. 
The result of jilanning properly for these requirements is a group of well-lighted, 
air-conditioned, acoustically treated private offices, general offices, and conference 
rooms which provide adequate facilities for efficiency in office work. By provid¬ 
ing the most modern facilities for its employees, the higher productivity obtained 
from a contented personnel offers a pointed challenge to a management that may 
question the amount of tangible return on investment in such improvements. A 
layout incorporating these principles in a three-story administration and chem¬ 
istry building is illustrated in Figure 168. 

^ Appearance of offices. When desks are well-spaced, the tops of filing cabinets 
are at a uniform level, and aisles are carefully laid out, an atmosphere of effi- 
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FIRST FLOOR 

Fig. 168. Study plans of administration and chemistry building, research and development 
laboratories of the Pure Oil Company, Crystal Lake, Ill. An intermediate stage in prepara¬ 
tion of plans for initial portion of main building on a major research and development project 
in the petroleum field. (Courtesy of Stone <& Webster Engineering Corporation, Boston.) 
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ciency prevails in the office appearance. A homelike touch is often added by a 
^ scattering of potted plants at strategic spots. The same pleasing pattern extends 
into the private offices. It is greatly enhanced in executive offices by Venetian 
blinds, heavy carpets, upholstered chairs, built-in bookcases and equipment, oil 
paintings, fireplaces, etc. A modest attempt to equip a private offipe with some 
of these furnishings is shown in Figure 169. In general offices, a floor covering of 



Fig. 169. Office appointments. Venetian blinds, carpeting, upholstered chairs, and bookcase 
provide an air of success and comfort in this unpretentious private office. Note the striking 
pattern of the recessed lighting with concealed tubes producing symmetric bands of illumina¬ 
tion which are flush with the acoustically treated ceiling. {Courtesy of U.S. Gypsum 

Company.) 

marbelized linoleum or of rubber tile not only considerably improves the appear¬ 
ance of the office but also helps materially in deadening the noise of office ma¬ 
chinery and the clatter of moving chairs and footsteps. 

Office lighting. Adequate distribution of light in offices and drafting rooms 
has long been recognized as an indispensable facility, although it is still being 
neglected in old-fashioned buildings. The lighting must not only provide the 
needed intensity but must also be of the proper quality. Excellent lighting 
throughout the offices may be provided by continuous-row fluorescent fixtures, 
such as shown in Figure 170. Fluorescent lighting is generally favored for office 
areas. Photoelectric controls vary the amount of lighting as the intensity of 
f natural light changes. Shadows are almost entirely absent from these lights. 
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and there is virtual freedom from glare. Such excellent illumination not only 
helps the office force do more and better work, but it also reduces fatigue. 

Heat and ventilation. To get work done efficiently in an office, there must be 
a proper control of temperature and ventilation. All radiators should be thermo¬ 
statically controlled, to avoid either overheating or underheating when indi¬ 
viduals have free access to the radiator valves. It is desirable that the ven¬ 
tilation system be capable of providing a complete change of air at least four 



Fig. 170. Fluorescent lighinKj ^onorally favorod for office ai(‘as. ExcelU'nt free 

of shadows and glare, may he provided throughout the offices hy continuous-row fluorescent 
fixtures such as are shown in this photograph. {Courtesy oj V.S. Gypsum Company.) 


times an hour during the work day. In some geographical areas, humidity con¬ 
trol is equally important. 

Electrical outlets in an office are frequently at a premium. As a result, the 
outlets become overloaded with wires plugged in for the operation of office ma¬ 
chinery or desk lamps. In laying out an office, it is usually better to oversupply 
the electric-power outlets than to attempt to skimp. Electric conduits should be 
planned to run under the flooring and to provide a generous number of outlets 
through the floor surface. When not used, these outlets can be disconnected and 
dismantled, thus leaving no unused projections from the floor. 

Acoustical treatment of office ceilings with sound-deadening paneling has dem¬ 
onstrated its effectiveness through widespread application in recent years. Noise 
affects many persons in much the same handicapping degree as eyestrain. Reduc¬ 
tion of noise has enabled these people to show a decided improvement in the 
quantity and quality of their office work. 












CHAPTER XIX 


Employee Service Facilities 

1. PLANT APPROACH, PARKING LOTS, AND PLANT ENTRANCES 

Mounting Importance of Working Conditions 

Providing a work place that would keep employees contented and comfortable 
received widespread attention before World War II. This was an outgrowth of 
management’s awakening to the mounting importance of good industrial relations 
with employees. When it is realized that a person working 8 hours a day in an 
industrial plant spends nearly one-third of his adult life in the plant, the impor¬ 
tance of adequate service facilities is readily appreciated. The wartime employ¬ 
ment of millions of workers without any previous contact with industrial plants 
gave rise to new layout problems. The postwar decentralization of industry 
finally raised the subject of employee facilities to a level comparable in impor¬ 
tance to the layout of the production facilities of the plant. 

Major emphasis is being placed on those factors which conserve man-hours and 
energy; load to the efficient use of space; and make the plant comfortable, clean, 
safe, sanitary, and attractive. To insure the best working conditions for its office 
employees, the management in many companies has gone beyond the minimum 
provisions for office facilities. An engineering approach to the satisfactory solu¬ 
tion of problems of employee facilities has thus become just as essential as it is 
to production layout. 

Landscaping 

Growing in pace with management’s recognition of its broad responsibility for 
employee health and welfare is the interest in the over-all appearance of the 
plants. Industrial executives have come to realize that lawns and landscaping 
are just as important as the architectural design of the plant buildings. An illus¬ 
tration of the lawns and landscaping surrounding the plant buildings in General 
Electric’s electronics park at Syracuse, N. Y., is shown in model form in Figure 
171. The appearance of the plant is enhanced by the spaciousness of the grounds, 
the arrangement of the trees and shrubbery, and the network of landscaped road¬ 
ways and walks. 

Parking Lots 

Consideration must be given to every factor that impedes traffic movement at 
the approaches to the plant as well as within the plant property. The proper 
design of parking lots with relation to traffic handling and ease of access to plant 
gates is important in building the goodwill of employees. The parking lot must 
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Fig. 171. Lawm and landscaping. Scale-model layout of the buildings and grounds of the 
General Electric Company’s electronics park at Syracuse, N. Y. 



Fig. 172. Employees* entrance at Boeing Aircraft plant at Wichita, Kan. Bus depots and 
overhead ramps permit the movement of large numbers of employees with comparative 
safety and with full protection from the weather. (Courtesy of the Austin Company, 

Cleveland.) 
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be integrated with the street and highway system serving the plant so as to permit 
I smooth handling of periodic traflSc congestions. Where adequate parking accom¬ 
modations are located within a short walking distance of the plant, employees 
experience no lost time or marred temper^ in beginning or ending a day’s work. 

Plant Approach 

In plants served by public vehicles, passenger loading platforms located at 
strategic points may greatly relieve pedestrian congestions occurring at the start 
and end of each shift. Ease of entrance to, and exit from, a plant occurs only 



Fig. 173. Employment office. Partitioned cubicles, an acoustic ceiling with recessed lighting, 
plus an asphalt-tile floor and plastered walls convey an air of refinement and progress 
to the job applicant entering this plant for the first time. {Courtesy of the Austin Companyj 

Cleveland.) 

when the plant approach, parking lots, and gatehouses are all integral parts of 
the plant layout plan. An example of a well-planned plant approach and 
entrance is given in Figure 172. Although executed on a comparatively elaborate 
scale for the handling of thousands of employees at a war plant, the arrangement 
in principle can be adapted to suit the requirements of a plant employing less 
than 1,000 employees. 

Employment Office 

The first impression a job applicant gets of the efficiency of the plant organiza¬ 
tion he is seeking to join is usually in the employment office. Inasmuch as first 
impressions are considered lasting ones, growing attention has been given to the 
modernization of this entrance office. A modern conception of what this type of 
office should be like is given in Figure 173. Bank-type wall counters have been 
provided on the left of the office for the convenience of applicants filling out 
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blanks. PartitionecJ cubicles are located on the right, across the lobby. An 
acoustic ceiling with recessed fluorescent troffer lighting, plus an asphalt-tile floor 
and plastered walls, give this oflice the final touch in dignity and efficiency. 

Pedestrian Traffic 

Other points to consider in planning entrances and exits for industrial build¬ 
ings, in so far as good plant layout dictates, are the following: 

1. Doors should always open out. Doors that are likely to bo used as emer¬ 
gency exits should be equipped with panic hardware. 



Fig. 174. Overhead walkway to segregate pedestrian traffic from main traffic aisles at Thomp¬ 
son Aircraft Products, Inc., Euclid, Ohio. This arrangement permits a greater utilization 
of main-floor space for manufacturing activities, while also providing better safety for foot 
traffic. {Courtesy oj Albert Kahn Associated Architects and Engineers, Detroit.) 

2. Wide stairs and ramps should be bisected by a center rail to divide traffic 
and provide safety in periods of congestion. 

3. “Blind spots'' on turns in hallways and passages should be eliminated 
through the use of mirrors at the turning angle. Pedestrian traffic should 
be protected against vehicular traffic (Figure 174). 

4. Time clocks, card racks, package depositories, etc., used by the employees 
should be located in gatehouses or other strategic points along the normal 
path of travel followed by the employees in checking in or out of the 
plant (Figure 175). 
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2. CAFETERIAS, LUNCHROOMS, AND KITCHENS 
Trend to In-Plant Feeding 

The trend to locate plants in outlyirig areas has probably been the largest 
single factor in establishing i)eriimnent recognition of the need for in-plant 
feeding. In the system where lunch wagons are brought in from outside, the 
wrapped sandwiches and coffee they provide are frequently cold. Lunches 



Fig. 175. Ttmc clocks should be located inside the work areas along the normal path of 
travel and adjacent to the entrances to locker rooms, if not too distant from the gate-house, 
(CowU'sy (}j the Austin Company, Clexniand.) 


brought from home are cold and often are not sufficient or well-prepared from a 
nutritional standpoint. When outside restaurants are too far from the plant, the 
workers cannot patronize them because of the limited duration of the lunch 
period. 

The opportunity to purchase good, wholesome food at a reasonable cost at the 
plant has already been enjoyed by a broad proportion of America’s industrial 
population. So much so, in fact, that many industries which do not already have 
their own cafeterias are making definite plans for them in the immediate future. 
This is true in urban as well as outlying locations, and applies generally to firms 
employing 300 or more persons on a single shift 

Determining Size and Type of Cafeteria 

Cafeterias range in size from a seating capacity of 100 up to 2,000 or more 
persons, depending on the size of the plant force. Some cafeterias operate mobile 
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units, as shown in.Figure 176. The other extreme is the large auditorium which, 
when used as a cafeteria during working hours, can seat approximately 2,000 
persons. 

Factors to be considered in determining the type and size of cafeteria suitable 
for a given plant include the following: 

1. The proximity to outside lunchrooms or restaurants. 

2. The number of workers on each shift. 



Fig. 176. Mobile kitchen unit in the plant of the Boeing Aircraft Company, Wichita, Kan., 
moves through the shop to serve the workers in their work areas. The unit is equipped 
with both hot and cold chambers. A train of similar kitchen units, seen in the background, 
is being hauled by an industrial tractor to be deposited at strategic points through the shop. 

{Courtesy of the Austin Company, Cleveland.) 

3. The number of meals to be prepared. 

4. The length and number of lunch periods. 

5. The plant area available for catering use. 

6. The distribution of employees throughout the plant. 

7. The desirability of leasing out the cafeteria to a restaurateur and en¬ 
abling him to make a profit. 

8. The views entertained by the employees and their union. 

9. The possibility of using the cafeteria room for joint purposes, such as a 
classroom, meeting room, recreation room, or auditorium. 

10. The economies of providing a plant kitchen as against securing the food 
from a caterer. 

11. The desirability of setting up a “sandwich line^’ to expedite the flow of 
customers through the “full meal” line. 
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12. The desirability of segregating the sexes or of making added provisions 
for office employees. 

13. The desirability of enclosing a section of the cafeteria for a private din¬ 
ing room for executives and visitors. 

Plant cafeterias and canteens during their wartime peak served hundreds of 
thousands of persons daily. Experience in the design and layout of these facili¬ 
ties shows that a careful analysis of the feeding problem is just as important in 
tlie small plant as in the big one. An example of a 150-seat cafeteria is shown 
in Figure 177. 



Fig. 177. Cajeleria sealing 150 people in the plant of the Humboldt Full Fashioned Hosiery 
Mills, Humboldt, Tenn. {Courtesy of Lockwood Greene Engineers, Inc., New York.) 

Glazed-tile walls, asphalt-tile flooring, acoustic ceiling, fluorescent light fix¬ 
tures, and ventilation are commonplace features in modern cafeterias independent 
of the seating capacity. In most cases, wide column spacing which permits 
maximum efficiency in the seating and routing of customers has been found de¬ 
sirable. This spacing also adds considerably to the appearance of the cafeteria 
room. 

Flow Chart of Serving Lines 

To determine the most suitable type of facility, it is well to prepare a flow 
chart such as illustrated in Figure 178. This should be done before final plans 
are made for the food-serving program. In the end, it will be found necessary 
that the food production line approach the smooth operation aspects of an in¬ 
dustrial assembly line. The serving counter, such as the one illustrated in Figure 
179, is the crux of the entire cafeteria layout. For that reason, it is essential to 
consider whether one serving unit, such as the one illustrated, will be suflScient or 
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whether there should be two or more identical serving units in order to attend to 
a corresponding number of serving lines at one time. There is also the problem 
of converging these separate serving lines towards a lesser number of cash 
registers. 



^oc>ooo<>oooooc-c>oo<> 

-ooooooooooooooooo 

1 CAFETERIA - 346 SEATS 


ooooooooooooooooo 

boooooooooooooooo 


X 



Fig. 178. Arwvqement of proponed cafeteria, second-floor service bay, for new turbine build¬ 
ing, Conersil Electric Company, Sclionectady, N. Y. {Conrteny of Stone & Wehnfer Engi¬ 
neering Corporation, Boston.) 


Laying Out the Kitchen 

The kitchen layout is devised to minimize the handling of food, and to reduce 
the possibility of contamination. The first point to consider, as in any cafeteria 
layout, is the location of the kitchen. AMien there is not enough space available 
in the ])lant, at centers of worker force, for both the kitchen and the cafeteria, it 
may be necessary to separate these two activities. A logical place to locate the 
kitchen, wherever permissible, is where it will be convenient for receiving raw 
foods without interfering with production. 

In the kitchen layout, provision must be made for food storage, utensils, ranges, 
refrigerators, and preparation tables. The flow of meat is from the refrigerator, 
over the preparation tables, and onto the stove, in the direction of the cafeteria. 
The section used for vegetable preparation may be in another direction, through 
a vegetable storage refrigerator, through proper vegetable washing sinks, and 
onto the stoves to join the meat as it finds its way to the cafeteria. 

Staples are usually handled through a storeroom. The sandwich preparation 
area in the kitchen is usually adjacent to a special refrigerator in which salads 
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Ficj. 179. ScrruK/ coinilcr for caicferia in Driroit plant of Iho U.S. Rubber Com¬ 

pany. The cab'teria 1ms tan-and-niaroon lorra-<*otta wamK'ot. pla^^f‘lO(i walls, and an 
asi)halt-tile floor. The flush-type fluorescent liglitinp: is rcce.Nscd into the acou.stical-tile 
ceiling. {Couricay of Lockwood Greene Enyineeis, Inc., New York.) 



Fig. 180. Portion of kitchen, about one-quarter, where meals for the 400-seat cafeteria of the 
Emerson Electric Manufacturing Company are prepared three times a day. The main range 
extends the full length of the hood, shown here in the background. All the walls are sur¬ 
faced with glazed tile to expedite wall cleaning. {Courtesy of the Austin Company, 

Cleveland.) 
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and sandwich material are stored. This allows the preparation and wrapping of 
sandwiches before they are taken to the cafeteria. A portion of the kitchen serv¬ 
ing a 400-seat cafeteria is shown in Figure 180. In addition to the equipment 
already mentioned, consideration must also be given to the desirability of pro¬ 
viding a refrigerator room and a cold-freeze room adjacent to the kitchen. 

3. FIRST-AID STATIONS AND MEDICAL DEPARTMENTS 

The worker’s health in a plant may be protected by three major services: 
(1) nutritious food, (2) medical services, and (3) employee safety. 

Medical services is the factor of immediate concern in this section. These 
services may be roughly classified in three ways: 

1. Examination of applicants. 

2. First aid for minor injury or minor illness. 

3. Medical department for major injury or major illness. 

Job Applicants and First-Aid Patients 

Personnel buildings are usually provided with facilities for registration and 
interviewing of applicants, identification recording, and medical examinations. 
Interviewing and medical examining rooms are frequently laid out so as to permit 
the segregation of male and female applicants without requiring duplicate instal¬ 
lations of costly medical equipment. Another step taken to avoid duplication of 
equipment or medical personnel is to place in close proximity the facilities for 
handling applicants and first-aid patients. In order to prevent the intermingling 
of applicants and patients the examination area is separated from the treat¬ 
ment area, and each area is provided with its own entrance. 

First-Aid Stations 

First-aid equipment varies in extent from a medical kit, blanket, and stretcher, 
kept in closed wall cabinets in different locations in small plants, up to glazed- 
tile rooms fitted with costly medical equipment. An efficiently equipped first- 
aid station is shown in Figure 181. 

The modern first-aid station or dispensary includes, in many plants, such fa¬ 
cilities as a surgery complete with operating and sterilizing apparatus; a treat¬ 
ment room with immunization facilities; a ward containing two to four beds; 
and ultraviolet and infrared lamps. Two of the more important functions of the 
dispensary are the control of occupational diseases and the frequent examina¬ 
tion of working hazards in the shop. A productive worker must be kept at good 
health standards to enable him to meet work schedules. 

Medical Department 

A fully equipped medical department, on the order of the one illustrated in 
Figure 182, may consist of a network of several rooms which should be laid out 
according to the flow of patients reporting for treatment. The medical depart¬ 
ment of the Cadillac Division of the General Motors Company consists of the 
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following collection of 28 rooms inclosed within one area. To facilitate refer¬ 
ence, these rooms are listed in alphabetical order: 


2 consultation rooms 

2 doctors’ offices 

3 examination rootns 
1 eye room 

1 hydrotherapy room 
1 infection room 
1 laboratory 


1 nurse’s room 
1 operating room 

1 physiotherapy room 

2 record rooms 

1 secretary’s office 
1 soundproof room 
1 stockroom 


1 throat room 

1 treatment room 

2 waiting rooms 
2 ward rooms 

1 X-ray dark room 
1 X-ray file room 
1 X-ray room 


Total rooms 28 



Fig. 181 . First-aid station at Oklahoma plant of the Douglas Aircraft Company. A buff 
glazed-tile wainscoting, a terrazo floor, and plastered walls and ceiling insure immaculate 
cleanliness. {Courtesy of the Austin Company, Cleveland.) 

In addition to these 28 rooms, the layout also contains 6 dressing booths, 4 
toilets, 1 shower, 1 linen closet, and 1 janitor’s closet. 

To lay out these 28 rooms and 13 adjuncts, the Cadillac plant layout engi¬ 
neers made use of process flow charts for minor injury cases, major injury cases, 
and preplacement examinations. 

Layout of Medical Department 

Only when several rooms are involved does a medical department give rise to 
a layout problem. For plants with less than 300 employees, a first-aid dressing 
station, plus a men’s ward and a women’s ward, are considered sufficient. In 
plants employing from 300 to 1,000 employees, the rooms are the same as for 
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a smaller plant, except that they may he larger and perhaps augmented by a 
waiting room. 

As the plant force mounts into the range of 1,000 up to 5,000 enii)loyees, a 
second first-aid dressing station becomes necessary. This second station is also 
equipped with its own separate wards for men and women. Additional rooms 
required for this size of plant include X-ray, therapy, drug, examining, and 
I’ecord rooms. 



Fig. 182. Medical department installed in a location that is contial to all portions of a B(‘ll 
Aircraft Corporation plant. This vi(*w, from the main dispensary area, shows a section of 
the office and waiting room in the background Walls throughout the medical department 
are surfaced with salt-glazed tile which can be readily washed down The floor is covered 
with asphalt tile, and fluorescent lighting is recessed in the acoustic-plaster ceiling. {Courtesy 

of the Austiv Company, Cleveland ) 

For plants employing over 5,000 workers, a central medical area is usually 
set up, plus a number of separate first-aid stations located at strategic points 
tliroughout the plant. In planning areas of this size, technical guidance should be 
obtained from health engineers, local hospitals, or the National Safety Council. 


4. LOCKER ROOMS, WATER CLOSETS, AND LAVATORIES 

Locating Personal Facilities in Populous Centers 

To provide the required personal conveniences to plant personnel within close 
distance to work areas, these conveniences should be placed in widely distributed 
locations related to the centers of plant population. Without disturbing the 
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over-all layout of production facilities, the locker rooms and lavatories can be 
placed out of the way, in central work areas, by locating them in basements, on 
mezzanines, or adjacent to the shop floor. 

Drinking fountains and vending machines, however, should be placed in such 
a way, in populous areas, as not to cause them to become gossip centers or 
dating posts. By placing these facilities in work areas that arc fairly segregated 
as to groups of men and women, much horseplay and lost time can be avoided. 

Some plant layout engineers maintain that the locating of lavatories, first-aid 
stations, canteens, and like facilities, in lean-to^s or other areas away from pro- 



183. Locker and wash~fountain layout, one of a number of similar layouts distributed 
at strategic points around the engine plant of the Gcmeral Motors Corporation, Indianapolis. 
The upper level is taken up by urinals and toilets. The lockers are arranged back to back, 
two tiers high, on both sides of the circular wash fountains, thereby eliminating the need for 
l)artitions. {Courtesy of the Austin Company, Cleveland.) 

duction aisles is good design primarily because the aisles are thereby kept free of 
obstructions. It is, as already pointed out, entirely possible to keep the produc¬ 
tion areas unobstructed and still locate these facilities in work-force centers, by 
resorting to overhead or subfloor space. The fact that an employee's time is just 
as valuable to the plant whether he is at his work station or wandering back and 
forth to toilet rooms should not be overlooked in laying out production areas and 
employee facilities. 

Improved Standards in Lavatories 

Improvements in materials, equipment, and lighting and ventilating practices 
in recent years have raised the standard of toilet facilities in industrial plants to 
a level which, only a few years back, was reserved for first-class hotels and public 
buildings. An example of current high standards for locker rooms, water closets, 
and lavatories is given in Figure 183. Every worker has his or her own steel 
locker in one of the groups lined along the sides of the washroom. Circular 
mottled-stone wash fountains, or batteries of individual wash basins, all in the 
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center of the rooms, provide modern washing facilities to which old-time em¬ 
ployees were not accustomed. 

Wash fountains are usually supplied with special containers for high-quality 
powdered soap, thereby eliminating the clogging of drains by soap-cake rem¬ 
nants. An extra touch in the direction of cleanliness is sometimes given by plac¬ 
ing a germicidal lamp near the wash fountains to help destroy cold germs and the 
like. A rubber trough mat, containing an antiseptic solution for the feet, may be 


I I 



Fig. 184. Airmigement of merits and women^s washrooms for personnel in new turbine build¬ 
ing, General Electric Company, Schenectady, N. Y. (Courtesy of Stone & Webster Engi¬ 
neering Corporation, Boston.) 


supplied at the entrance to shower stalls. In brief, nothing is overlooked which 
promotes good health and sanitation. 

Washroom floors in modern layouts, as illustrated in Figure 184, are often 
covered with tile, whereas the sidewalls and partitions are made of clear glazed 
tile, even with a cove base. Overhead, a thermostatically controlled unit heater 
is usually included to keep the locker-room temperature at a level that is com¬ 
fortable for disrobing and washing. 

Rest rooms for women have become a common institution in many plants. 
Such rooms usually combine the functions of a locker room and snack room, 
particularly for office women. The rest room may be equipped with an electric 
refrigerator, a cabinet sink with dishes, and an electric stove. Other furniture 
that may be included is a dinette set, a studio couch, and pieces of rattan furni¬ 
ture. Thus equipped, the room gives the appearance of a cozy, well-furnished 
little apartment. 
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CHAPTER XX 
Buildings for Housing 
the Plant Layout 

1. PLANT MODERNIZATION VERSUS PLANT CONSTRUCTION 

The need for modernization, expansion, or a new plant is not so obvious, al¬ 
though perhaps more urgent, in some industrial companies as in others. When 
existing plants cannot produce enough goods to satisfy the demand or when costs 
are high because the buildings do not allow effective layouts, the need for new 
facilities cannot be questioned. The enterprise that allows its competitors the 
advantages of improved methods, equipment, and plant layouts is developing the 
handicap of inefficiency. On the other hand, the company that keeps up with 
progress places itself in the lead of competition. 

Many a plant building over 40 years old, although well constructed and still 
in good condition, lacks the new ideas and principles that have increased pro¬ 
duction efficiency many times in the newer plants. The plant may have been 
built in the days when a factory building was erected on any plot of ground that 
could be bought at a low price, regardless of the adequacy of its size or shape. 
The processes were then fitted to the structure, without anticipation of present- 
day high operating costs. 

Cutting Costs through Re-Layouts 

Since the time of those less competitive days, factory layout has been de¬ 
veloped from vague notions to scientific principles. The output of machinery 
has been stepped up continually. Material-handling equipment, capable of re¬ 
ducing costs beyond all expectations in those old days, has become common¬ 
place in modern plants. Laws have imposed new sanitary codes and other regu¬ 
lations. All costs have gone up tremendously, and many of them are held at 
high levels by labor laws or economic conditions. Competition in the meantime 
has become more acute each year. 

There can be no question of the need to reduce these costs. One of industry's 
most effective tools in cutting production costs is a properly laid-out plant. 
Prominent among the many ways open to reduce costs are layouts that permit 
greater efficiency of plant operation; better facilities for handling and storing 
raw materials and finished products; and provisions for worker health and com¬ 
fort to promote high morale and efficient productivity. Aside from the fixed 
limitations of length, width, height, and number of columns, there is not too much 
about the plant building that cannot be altered to adapt it to the important re- 
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quirements of model’nization. It can, as a rule, be fitted out with most of the 
conveniences found in modern factory buildings. 

Rehabilitation of Existing Plant 

In any program of rehabilitation, one of the first steps is to ascertain the 
structural soundness of the building. Foundations, columns, footings, walls, and 
roof decks must be examined for signs of weakness. Installation of additional 
equipment will, of course, increase floor loadings. Floors frequently cause more 
trouble than any other element of a plant building. Changes in the location of 
departments or in the character of the processes often impose on floors more 
severe loads than they were originally intended to carry. 

Decisions as to whether to modernize or build a new plant are relatively simple 
when the existing plant is too small, maintenance costs are excessive, rent is too 
high, or rehabilitation measures involve prohibitive cost. Under these circum¬ 
stances the choice is in favor of a new plant. With other conditions decision 
becomes difficult. In the interest of low-cost production it may or may not be 
economically sound to invest in a new structure. Perhaps the disadvantages of 
the present location may justify a new plant in a different location. The need 
for either centralization or decentralization may also point in the direction of a 
new plant. 

Cost of New Construction 

An important deterrent in deciding to build a new plant today is tiie current 
high level of construction costs. The ingenuity of experienced architects and 
builders can usually develop ways of getting around many of these costs, how¬ 
ever (see Figure 185). In the face of shortages in building material and labor, 
many enterprises formerly intent on building new plants have been forced to 
consider modernizing existing plants. The working out of effective moderniza¬ 
tion plans to add production efficiency to available structures presents problems 
of manufacturing which must be dovetailed into the knowledge of the architect, 
plant layout engineer, and contractor. Where the principal problems are not 
directly related to capacity or layout and do not involve rearranging the flow of 
production, adding material-handling equipment, or expanding employee or serv¬ 
ice facilities, temporary measures usually suffice. 

As a general rule, alterations and additions cost considerably more than out¬ 
right new construction involving comparable quantities and types of materials. 
In the final analysis, therefore, it is largely a question of how much better a new 
plant will do the job than the old one, no matter how the latter is rehabilitated. 

2. INFLUENCE OF SITE LIMITATIONS ON THE PLANT LAYOUT 
Expansion of Enterprises. 

Most manufacturing enterprises begin operations on a modest scale, usually in 
rented space in an existing building. The large manufacturing industries are 
usually the outgrowth of one or more small plants, which have expanded on the 
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initial premises or may have moved to new locations as the business expanded. 
Large industries have also been formed by merging the activities of small enter¬ 
prises or by progressive additions made to accommodate new lines of produc¬ 
tion, new productive departments, or additional service faciliti,es. 

At various stages during their expansion, therefore, manufacturing enterprises 
require additional space and rearrangement of productive facilities. When plants 



Fig. 185. Two buildings in one. Although giving the appearance of one building, this plant 
of the Courier-Journal and Louisville Times, Louisville, Ky., actually consists of two inde¬ 
pendent structural units. The front unit of seven stories houses the offices and radio studios. 
The rear unit of four stories (on the left) is the newspaper plant. The purpose of this 
structural segregation is to keep the noise and vibration of the newspaper plant out of the 
offices and studios. {Courtesy of Lockwood Greene Engineers, Inc., New York.) 

outgrow the space available in existing premises they are compelled either to in¬ 
vest in a new location or, failing to raise the necessary capital for this move, 
remain at a standstill, which frequently leads to extinction. Limited capital is 
often the reason for enduring site restrictions, particularly when adjoining space 
is available. Occasions exist where, with the necessary funds available, the plan¬ 
ning of this expansion has not always been developed to the point of reflecting 
properly the soundness of the investment involved. 

Site Restriction Problems 

In selecting a site and locating buildings on this site, proper planning for future 
expansion can eliminate many of the site restrictions that so often develop as an 
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enterprise expands.. Such a handicap as the lack of flexibility in a multi-story 
building might have been eliminated by the selection of a single-story plant in 
the beginning. Moreover building widths, column spacings, foundations, clear 
spans, etc., when planned with foresight in the original buildings, are not likely to 
present site-restriction problems as the plant develops into greater volume and 
broader lines of activities over the years of normal growth. 

The modern printing plant of the Standard Register Company at Dayton, 
Ohio, shown in Figure 186, has reached its present size and layout through ten 
successive additions made over a 30-year span. Although located within city 



Fig. 186. Modern printing plant of the Standard Register Company, Dayton, Ohio, after ten 
successive additions of buildings on original premises. Note the chronological steps of expan¬ 
sion shown in Figure 187. 


limits, the original site of this enterprise was selected with enough room for future 
growth to permit the evolution of the sprawling group of buildings shown indi¬ 
vidually in Figure 187. 

Preliminary Layout Preceding Site Selection 

In planning the layout of a building the plant layout engineer should visualize 
on paper what the fully developed site will look like years later when the enter¬ 
prise has expanded. Such plans, incidentally, may conceivably provide a ready 
basis for emergency expansion in case of war. Accompanying the expansion of 
buildings on these plans should be projections of site developments in the form 
of storage yards, parking lots, railroad sidings, driveways, lawns, outbuildings, 
and service facilities. (See Figure 110 on page 225.) 

A sound check on the suitability of a site can be made by designing a tentative 
layout of the proposed plant based on process requirements of floor space inde¬ 
pendent of site dimensions. This preliminary design of the type of plant layout 
most suitable to the operations affords a sound criterion for selecting a site and 
for locating the first building on this site. Before the final layout is made, how¬ 
ever, the site must be acquired so as to permit the layout to be fitted to the site. 
Not until the site boundaries are known definitely can the final layout show 
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storage yards, parking lots, railroad sidings, and other site developments previ- 
r ously mentioned. 

Site Data Required for Plant Layout 

Another important step to take before the final plant layout is drawn up is to 
inspect the site. Boundary dimensions are shown on a contour map. Also needed 
is the location of the railroad tracks, waterfront if any, and highways bordering 
on the property or adjacent to it. A complete record of the location, size, and 
elevation of sewers, water mains, electric services, gas mains, and purchasable 



Fio. 187. Evolution of a plant. The printing plant of the Standard Register Company pic¬ 
tured in Figure 186 was expanded into its present sprawling group of buildings through the 
ten successive additions identified above by the years of progressive growth. 

steam is likewise essential. If the plant processes emit fumes or possess haz¬ 
ardous features, a full review should be made of state and local codes regarding 
plant safety, sanitation, and welfare regulations. 

The bearing value of the soil on the site is a problem that may prove extremely 
troublesome and costly. A case in point is a new building which was erected 
next to an existing plant building. According to the best memory of the oldest 
employees, the ground was all “solid.” For this reason, the engineers’ request 
to make test borings was ignored. When the time came to excavate for column 
footings, subsoil quicksand was struck along one row of columns. This discovery 
occasioned an additional expenditure of $16,000 to remedy. This expense could 
have been saved had the test borings been made. A simple rig for testing soil¬ 
bearing value is shown in Figure 188. 


3. BLENDING PLANT DESIGN WITH CREATIVE PLANT LAYOUT 

The industrial plant building is no longer considered as just a building struc¬ 
ture or a place where manufacturing is carried on. The functional design of a 
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building is now more generally recognized as an aid to production itself. It holds 
intact a processing facility in which materials, labor, and power are converted 
into products. 

Plant layout has become more and more the key to the complex organisms 
that make up this processing facility. As pointed out in the opening chapter, 
plant layout functions today as the blueprint of management. It is through 
plant layout that the various processes and operations of a plant are coordinated 
into an integral production machine, and it is to house this layout that one or 
more plant buildings are designed. 



Fig. 188. Simple riy for tcsLing soil-bcariiif; value. Tho platform is mount (mI on a hardwood 
post 1 foot square. The load consists of 4,000 pounds of pig-iron ingots. The settlement of 
the load into the soil is read hourly with a transit to determine the bearing value of the soil 


Fitting the Plant to the Layout 

The arrangement of machinery, equipment, and service facilities is prede¬ 
termined in the plant layout to suit the processes and operations. A plant build¬ 
ing must now be designed to house the creative layout, and the housing must in 
turn be shaped to fit around this layout. 

The building itself, however, is more than just a shelter for the enterprise. In 
many instances multi-story floors provide the gravity flows; the supporting 
columns also support the traveling cranes; the walls and roof condition the 
material for processing and provide the comfort and health protection that are 
conducive to high productivity; and the built-in silos, bulk storages, furnaces, 
pits, ducts, etc., are all a part of the organism of the composite production ma¬ 
chine known as a manufacturing enterprise. 

On the basis that the primary element to be considered in the design of an 
industrial plant is the process itself as integrated in the plant layout, let us ex¬ 
amine the application of this principle in actual practice. In many bulk-process 
industries, the processes require a careful layout of flow-line piping to conserve 
process steam and hold down the cost of waste disposal; otherwise the operating 
profits are likely to “flow down the sewer.’^ In mass-production industries, the 
plant layout co-ordinates the activities of machinery, material-handling equip- 
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ment, and manpower to expedite, control, and economize the conversion of raw 
I material and the assembly of parts into finished products. 

The ultimate in plant layout is to plan each process flow and assembly line 
so that material moves, step by step, along the flow of production, without side- 



Fiu. 189. Plant designed ahnig a conveyor system connecting all the buildings in the layout 
of the Republic Steel Corporation’s unit at Mineville, N. Y. From left to right is the track 
liopper; conveyor to ci*ushed-orc bins: conveyors to concentrate building; and in center right, 
tailings conveyors. {Courtesy of the Austin Compa)ty, Cleveland.) 

stepping into special processing departments. The continuous routing thus de¬ 
veloped in the plant layout becomes a governing factor in designing the building 
to house this layout. 



Fig. 190. Functional layout of linoleum plant of the Sloane-Blabon Corporation, Trenton, 
N. J. Structures of various elevations have been laid out in symmetrical pattern enclosed 
by railroad sidings to facilitate the flow requirements of work in process. {Courtesy of 
Lockwood Greene Engineers, Inc., New York.) 


A plant designed along a conveyor system is shown in Figure 189. In this 
plant, the buildings have been located along the flow of production in such a 
way that material moves progressively, from building to building, over a system 
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of conveyors interconnecting the various buildings. Another example of a plant 
designed along functional lines is given in the aerial view (Figure 190) of a 
linoleum plant. 

Study Drawing Made from the Plant Layout 

When the plant layout has been properly designed, it should show the best 
arrangement of processing equipment. From the layout, a study drawing is 



Fia. 191. Study drawing prepared from plant layout by Stone & Webster Engineering Cor¬ 
poration, Boston. In this diagram are shown the material-handling systems, process piping, 
power lines, offices, and all service departments. The type and size of building required to 
accommodate this arrangement is chosen from this study drawing. {Courtesy of Factory 

Management and Maintenance.) 

made, such as the one illustrated in Figure 191, to show in diagram the material¬ 
handling systems, process piping, power lines, and offices and service facilities, 
such as receiving and shipping departments, stores, cafeterias, the medical de¬ 
partment, rest rooms, locker rooms, and washrooms. Provisions for plant ex¬ 
pansion and site limitations should also be considered in the study drawing. 

From this study drawing can be ascertained in preliminary form the type and 
size of building most suitable to accommodate the arrangement predetermined in 
the plant layout. Alternate studies of this character are then prepared to make 
due allowance for outside considerations, such as the shape and topography of 
the site, climate and soil conditions, local surroundings, and transportation facili- 
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Fig. 192. Plant expansion in miniature. Model of the furniture factory of the Lane Com¬ 
pany, Inc., Altavista, Va., makers of the Lane cedar chest. Building after building and floor 
upon floor of machinery, equipment, conveyors, cranes, stacks of material in storage, and 
operators and workers at their respective work stations present a full panorama of a self- 
contained Liliputian industrial city bubbling with activity imder the eye of the observer. 
Additional floors or buildings and rearrangements of existing facilities are made in this 
model years ahead of actual construction. Long-range planning is thus set up as a realistic 
^ objective towards which all short-range layout changes are directed, year by year. This view 
is from the receiving end of the plant where tiny cedar logs are being unloaded from toy-size 
railroad cars scaled down to ^ inch = 1 foot, or of actual size. 
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ties. These alternate studies and outside factors form the basis for determining 
the design and cost of alternate types and sizes of building required to house the 
plant layout. 

Plant Expansion in Miniature 

In making alternate rearrangements of departments, machine groupings, of¬ 
fices, service facilities, etc., for the purpose of choosing the type and size of build¬ 
ing best suited for the layout, a miniature model is a convenient medium. The 
model gives the operating men as well as the engineers an opportunity to visualize 
the project in a realistic way and to offer constructive suggestions. 

Such a model used for planning plant expansion in a furniture factory is shown 
in Figure 192. Additional fioors or buildings and rearrangements of existing 
facilities are made in this model years ahead of new construction. For purposes 
of discussion at conferences entire floors from any of the buildings may be lifted 
intact. Each of these floors is fully equipped with models of machinery and 
equipment and can be removed to the conference room when it is not desirable 
to gather the conference around the model. 

4. SHAPES AND CROSS-SECTIONS OF ONE-STORY PLANTS 

Reciprocal Plans of Plant Layout and Building Design 

Alternate study drawings, along the lines of the one already shown in Figure 
191, co-ordinated with the finished plant layout, site limitations, and other char¬ 
acteristics of the locality, form the basis for designing the building. This basis 
is used for considering not only the type and size of the factory building but also 
its shape, that is, the contour of its base plan lines. By the same token that the 
plant layout normally determines the design of the building, the design itself 
usually brings out a number of adjustments to be made in the plant layout. 
These adjustments are made to arrive at the most suitable end result conforming 
to site limitations, layout requirements, and low construction costs. In designing 
a new building or an addition to an existing building, the plant layout engineer, 
the architect, and the building-cost estimator should work closely together. Co¬ 
operation in developing the series of functional characteristics to be incorporated 
in the building design or the changes to be considered in the plant layout pro¬ 
duces the reciprocal plans which will lead to the most practical and economical 
building design. 

Variety in Building Designs 

As may be observed from Figure 193, the design of factory buildings appears 
almost as variable as that of women^s hats. In either case, no two designs seem 
to be the same. Whereas the form and shape of a plant are usually determined by 
the functional requirements of the plant layout, the style of women's hats can 
hardly be attributed to a correspondingly utilitarian motive. 

Fundamentally, however, there are but two basic differences in plant designs, 
namely: 
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1. The ground plan of the building, and 

2. The number of stories in the building. 

In general, the most common ground plans, or shapes, of factory buildings follow 
in outline the shape of the eight capital letters, C, E, F, H, I, L, T, and U in 



Fig. 193. Bumper crop of building designs. From the collection of models gathered in this 
l)ushel basket, the range of variety in building design appears almost limitless. {Drawing 
through courtesy of Southern Railway System.) 

block form, as illustrated in Figure 194. Out of these, the most prevalent, as 
would be expected because of its simplicity, is the letter shape I. The next four 
shapes followed most frequently are those of the four letters C, U, L, and E, in 
their order of importance. 



Fig. 194. The eight common letter shapes of factory buildings. 


The selection of the particular building shape that will best fit the functional 
requirements of the layout, whether for a new building or for an extension to an 
► existing plant, is largely made through preliminary study drawings, such as the 
one in Figure 191, where the letter shape U has taken form in inverted position. 
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An aerial view of’ I-, L-, and U-shaped buildings under actual construction is 
shown in Figure 195. In this layout, combinations of single- and multi-story 
buildings have been designed to accommodate the particular character of occu¬ 
pancy or function housed in each building. 

Functional building design is now turning to such shapes as semi-circular, and 
even completely circular, buildings. A modern warehouse designed along these 
new lines has already been proposed. Another striking evidence of modern 



Fig. 195. L-, and V-shaped buildings under construction. Aerial view of Research and De¬ 

velopment Laboratory for the Sinclair Refining Company at Harvey, Ill. The large L-shaped 
three-story administration building can be seen on the left beyond the parking lot. It is con¬ 
nected to the U-shaped main laboratory building by a covered passage at the ground-floor 
level. Combinations of single- and multi-story buildings are used as dictated by the character 
of occupancy. {Courtesy of the Austin Company, Cleveland.) 

trends in building design along functional lines is the Pentagon office building in 
Washington, D. C. 

While the shape of a factory building is primarily selected to fit the plant 
layout, it is also influenced by considerations of future expansion and site de¬ 
velopment. If the ground space available for the building is of generous pro¬ 
portions, permitting the building to be extended in any direction from its selected 
location on the site, future expansion of the building may be made freely in ac¬ 
cordance with layout requirements. Where the ground space is limited or the 
plot boundary lines are irregular in shape, site restrictions enter into calculation. 
For this reason, the original location of the building on the site must allow for 
expansion in the direction or directions most logical to the expansion of the lay¬ 
out. Locating a building on a corner of the site immediately shuts off two ave¬ 
nues of expansion. 
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One-Story industrial buildings, of whatever letter shape decided upon, may be 
f erected along various types of elevations, depending on the sizes of bays that 
will best accommodate the layout and the height of overhead clearance required 
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Fig. 190. Cross-sections of typical one-story, steel-frame, industrial buildings. 

for operations. Considered jointly, these two factors determine the type of sup¬ 
port for the roof, such as girders and trusses. 

Designs of six typical cross-sections for one-story steel-frame industrial build¬ 
ings are given in Figure 196. While a number of other types are used for spe¬ 
cific purposes, the cross-sections shown here are the ones commonly used for the 
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average run of industrial plants. The structural standards followed in erecting 
these six types of buildings are outlined in Table 15. 

TABLE 15. STRUCTURAL STANDARDS FOR ONE-STORY BUILDINGS 


Sketch 




Range in 

Number 

Shape of Roof 

Design of Bay 

Roof Support 

Widths of Bays 

A 

Sawtooth 

Uniform design 

Direct, on column 

20', 30', and 40' 

B 

Pitched 

High-bay: low-bay 

Truss 

High bays 60', 
80', and 100' 

C 

Flat, 

Uniform design 

Girder 

20', 30', and 40' 

D 

Flat with Monitor 

High-bay: low-bay 

Girder 

20', 30', and 40' 

E 

Flat with Monitor 

Uniform design 

Truss 

40', 50', and 60' 

F 

Flat with Monitor 

High-bay: low-bay 

Truss and Girder 

High bays 60', 
80', and 100' 


5. COLUMN SPACING AND CLEAR SPANS FOR FLEXIBLE LAYOUTS 

Cost Factors Determining Column Spacing 

Whether the width of a bay is to be 20, 30, 40, 50, 60, 80, or 100 feet, as indi¬ 
cated in the preceding section, depends principally upon the following two 
factors: 

1. Higher construction cost of longer spans, and 

2. Lower operation cost from greater flexibility in layout made j)ossible 
when wide clearances of floor area are provided through wider spacing 
between columns. 

The range of possibilities in column spacing is limited only by the net result 
obtained from comparing the two preceding factors. Perhaps one of the most 
frequent and lasting errors made in designing plant buildings is in not allowing 
sufficient spacing between columns. Columns become obstacles in tlic way of an 
efficient layout of machinery and equipment. Each column nullifies at least 9 
square feet of floor area, and, considering the immediate surrounding space made 
unavailable for operations, some industrial architects conclude that this figure 
goes as high as 16 square feet. Naturally, the fewer the columns, the more 
useful is the floor area. 

Long, Clear Spans 

In airplane plants and locomotive manufacturing, where wide spans are neces¬ 
sary to permit the handling of huge-sized assembled products, engineers have 
avoided the proverbial forest of closely spaced columns by resorting to clear spans 
of 300 and 400 feet. The roof trusses in these wide-span buildings are supported 
on columns set on 40-foot centers running the length of the building. Specimens 
of these spans are shown in Figure 197 along with the traveling cranes operated 
in these spans. 

Elimination of Columns 

The day may never come when columns can be eliminated entirely, but we 
are living in an era when new construction material has enabled us to eliminate 




Fic!. 197. Clear apan of SOO fret in the Hoeing airplane i)lant at Wichila, Kan. Two monorail 
bridge cranes, each willi 10-ton lifting cajiacity and siispendeii from the roof trusses, arc shown 
lowering the riuiin section of a Booing B-29 bomber, com})leto witli inboard engine mounts and 
landing g(‘ar. {Coicrteny of the Auatin ('ornpnuy, Cleveland.) 



Fig. 198. Wide, clear span in slator-winding department of the Diehl Manufacturing Division 
plant of the Singer Manufacturing Company at Findeme, N. J. Conduits are dropped from 
the trusses to the workbenches to provide for quick and inexpensive changes in branch 
circuits. {Courtesy of the Anstin Company, Cleveland.) 
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as much as 75 percent of the columns commonly found in the older plants where 
columns were placed at 20-foot intervals, both lengthwise and laterally. In 
many modern plants, the bays measure 20 feet by 50 feet. The present trend is 
to recommend column spacing of 40 feet by 80 feet. Some of the advantages 
gained from wide, clear spans in lightweight production are indicated in Figure 
198. This photograph points out the possibilities of greater flexibility in laying 
out production flows and in saving floor areas otherwise sacrificed to dead spaces 
for columns. 

The operating-cost penalty that close-column spacing imposes on operations 
because of a handicapped layout, and the limitations these columns place on 
future uses of the building, invariably more than wipe out any initial saving in 
construction cost when all the facts are known. It is essential, therefore, that 
the plant layout engineer recognize this hidden pitfall before agreeing to alter 
his plant layout in quest of an evasive, and perhaps largely fanciful, economy in 
construction cost based on close-column spacing. 



i 


I 

I 


CHAPTER XXI 

Capital Outlays for Plant 
and Equipment 

1. AMOUNT INVESTED IN AMERICA’S INDUSTRIAL PLANT 

Comparatively Small Size of Most Enterprises 

Manufacturing enterprises are rarely started on a scale exceeding 100 wage 
f earners. It was pointed out in Chapter III that 92 percent of all the 184,230 
manufacturing establishments in this country in 1939 employed not over 100 
wage earners each. Many of these plants were new ventures being launched on 
a small scale. Others were of a nature which seldom grows larger in size. A 
third category consisted of marginal producers who may not have survived long 
enough to appear in the subsequent census. 

The new enterprise usually starts by leasing space in an existing factory build¬ 
ing or by renting a small plant. When construction activity and costs arc 
favorable, a small plant may be built for the purpose. Whether the space is 
leased or owned, the new enterprise must nevertheless make capital expendi¬ 
tures for machinery and equipment and plan a layout for this equipment. The 
sum total of small ventures of yesteryear which have developed into the large 
manufacturing establishments of today, or which have undergone a more mod¬ 
erate growth, or which may have suffered in size over the years constitutes the 
industrial plant of this country. 

Growth of America’s Industrial Plant from 1915 to 1940 

The total amount of capital invested in manufacturing plants and equipment 
in this country has never been determined factually. Rough estimates have been 
made, however, on the basis of Bureau of Internal Revenue statements of the 
asset value of corporations reporting for tax purposes. After excluding land 
values and adding in the assets of unincorporated businesses, the net book value 
of all manufacturing plants and equipment in this country has been estimated 
at the amounts shown in the accompanying table. 

ESTIMATED NET BOOK VALUE OF MANUFACTURING PLANTS 
AND EQUIPMENT IN THE UNITED STATES 


Year 

Net Book Value 

Percent Increase 
in 1940 over 1915 

1915 

$10,000,000,000 ♦ 


1940 

22,500,000,000 t 

125% 


* Estimated by L. J. Chawner in Survey of Current Business, March 1941, page 10. 
t Estimated by J. D. Wilson, ibid., November 1941, page 10. 
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The increase of 125% in plant and equipment in terms of dollars over the 25- 
year span may be considered as being also representative of the increase in 
physical amount of plant and equipment. It so happens that, in the two terminal 
years of the span, the purchasing power of the dollar, when related to whole¬ 
sale prices of commodities, was at a comparable level. 

Growth of America’s Industrial Output from 1916 to 1940 

Whether an increase of 125% over 25 years in the country’s industrial plant 
is high or low can jicrliaps best be gauged by the corresponding change in the 
country’s industrial output over that period. For the two most closely corre¬ 
sponding years, the output increased as follows: 

INDUSTRIAL OUTPUT IN VALUE ADDED BY MANUFACTURE 
FOR TOTAL UNITED STATES * 



Value Added by 

Percent Increase 

Year 

Manufacture 

in 1939 over 1914 

1914 

$ 9,238,209,804 


1939 

24,682,918,119 

107% 


* Sixteenth Censtis of the United Staten^ 1940; Manufactures, 1939, Vol. 1, pages 17“19. 

On the basis of this rough comparison, it is evident that plant and equipment 
assets did not keep pace with industrial output over the 25 years immediately 
preceding World War 11. While the yearly output increased 167 percent, plant 
and equipment assets rose only 125 percent, or 42% less than output. This 
backwardness of 42% in the industrial plant amounts to $4,200,000,000 when 
applied to the net book value of plant assets in 1915. Thus, one year before this 
country became engulfed in World War II, the country’s industrial plant was 
already lagging by $4,200,000,000 in normal growth to satisfy peacetime pro¬ 
duction requirements. The actual shortage in plants and equipment at the 
outbreak of World War II, however, was considerably in excess of this amount, 
as shown in due course in the present chapter. 

Turnover of Plant Investment to Annual Output 

Of particular significance in a study of plant layout and plant capacity is the 
relationship of the net value of plant and equipment to the value of industrial 
output per year. A convenient measure of this relationship for the country’s 
industrial plant is supplied in the figures already quoted in this section. In com¬ 
paring these figures, however, it is necessary to assume that the output volume 
for the two terminal years, 1914 and 1939, of the 25-year span, is comparable to 

RELATIONSHIP OF PLANT INVESTMENT TO PLANT OUTPUT PER YEAR 
FOR TOTAL UNITED STATES 

PLANT INVESTMENT ANNUAL OUTPUT TURNOVER OF 

Net Book Value of Plant Value Added by PLANT INVESTMENT 

and Equipment Manufacture TO ANNUAL OUTPUT 

1915 $10,000,009,000 1914 $ 9,238,209,804 0.9 

1940 22,500,000,000 1939 24,682,918,119 1.1 
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that of the two corresponding terminal years, 1915 and 1940, for which the plant 
land equipment asset figures are available. 

For the country as a whole, manufaciuring industries produce roughly one 
dollar of output (value* added by manufa^’ture) for each dollar (invested in plant 
and equii)ment, as sliown in the preceding table. 

TABLE 16. CAPITAL OUTLAYS OVER 29 YEARS 

CAPITAL EXPENDITURES FOR CONSTRUCTION AND EQUIPMENT 
IN THE UNITED STATES 

Private and Public Capital Outlays for Industrial and Non-Industrial Activities Covering 29-Year 
Period 1919-1947, in Millions of Dollars of Actual Prices * 



Accumulated 

Average 

Percent 

Type of New Construction and Equipment 

Expenditures 

Expenditure 

Distri¬ 

(Private and Public Combined) 

over 29 Years 

per Year 

bution 

fIndustrial construction and equipment t 

N(*w factory buildings f 

$ 23,730 

$ 765 

6% 

Indastrial equipment 

61,518 

1,985 

16% 

Total plant and equipment 

$ 85,248 

$ 2,750 

21% 

Non-industrial construction 

Public utilituvs § 

$ 24,558 

$ 792 

6% 

Commercial and institutional || 

39,616 

1,278 

10% 

Re.sidential 

65,102 

2,100 

16% 

Public highways 

24,931 

804 

6% 

Farm and other construction % 

20,970 

677 

5% 

Total non-industrial construction 

$175,177 

$ 5,651 

43% 

Non-industrial equipment 

$131,794 

$ 4,251 

33% 

Military and naval expenditures 

$ 13,378 

$ 432 

3% 

Grand total construction and equipment 

$405,597 

$13,084 

100% 


* Source of data: Totals on bottom line in Table 17. 

t New construction expenditurt^s represent the value of work put in place over the 29 years. 
The data are in current dollar terms and .so reflect fluctuations in cost as well as in volume. The 
distinction between factory buildings and those* for equipment turns primarily on the mobility of 
the goods. Only movable goods are clas,sified as equipment. 

t New factory buildings include $7,691,000,000 for government-financed plants. 

§ Public utilities include telegraph, telephone, gas, electric light and power, pipeline, street 
railway, and railroad. 

II Commercial and institutional consists of warehouses, offices, lofts, stores, restaurants, garages, 
hotels, hospitals, and religious, educational, social, and recreational institutions. 

f Farm and other construction: other construction consists of water supply, sewage disposal, 
public service enterprises, pipelines, and conservation and development. 


2. DISTRIBUTION OF CAPITAL EXPENDITURES IN 
MANUFACTURING 

Industrial and Non-Industrial Construction Activity 

k Over the 29-year period, 1919-1947, the total construction activity in this 
country, as summarized in Table 16, amounted to an estimated expenditure of 
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roughly $405,597,000,000 or an average of $13,000,000,000 a year. These figures 
include durable equipment but leave out expenditures for work relief and main- ^ 
tenance. Manufacturing plants and equipment accounted for 21 percent of total 
construction outlays. Residential construction formed the next largest field 
(16 percent) of capital expenditures. 

When new construction is separated from equipment, the following relationship 
shown in the table exists: 

ACCUMULATED EXPENDITURES OVER 
29 YEARS, IN MILLIONS OF DOLLARS 



New 

Durable 

Total 

TYPE OF CONSTRUCTION ACTIVITY 

Construction 

Equipment 

Outlays 

Industrial plant and equipment 

S 23,730 

$ 61,518 

$ 85,248 

Non-industrial construction and equipment 

175,177 

131,794 

306,971 

Military and naval expenditures 

13,378 * 


13,378 

Total Construction Activity 

$212,285 

$193,312 

$405,597 


♦Military and naval equipment is included in new construction. 


Total expenditures for new construction ($212,285,000,000) was about equal to 
corresponding expenditures for equipment ($193,312,000,000). Thus, by and 
large, as much capital is spent on durable equipment as on new construction. 

Larger Investment in Machinery than in Buildings 

For manufacturing industries, however, 2% times as much is expended on 
equipment ($61,518,000,000) as on new factory buildings ($23,730,000,000), the 
ratio being 72 percent for equipment as against 28 percent for plant buildings. 
In constructing a new plant, therefore, it is well to keep in mind that the 
layout of the machinery and equipment usually represents 2% times as much 
capital outlay as the cost of the building designed to house the layout. 

Narrowing Differential in Lean Years 

Whereas plant construction investment amounted to a weighted average of 28 
percent of combined plant and equipment expenditures in the 29-year period of 
1919-1947, this proportion declined to 19 percent during the decade preceding 
World War II. 

WEIGHTED AVERAGE PERCENTAGE OF PLANT CONSTRUCTION EXPENDI¬ 
TURES TO COMBINED PLANT AND EQUIPMENT EXPENDITURES ♦ 


War expansion period 1915-1920 27% 

Peacetime expansion 1921-1930 30% 

Period of depression 1931-1940 19% 

War expansion period 1941-1947 29% 


♦ From data in columns o, 6, c, and d of Table 17. 

Part of the decline to 19 percent in the postwar depression decade of 1931-1940 
is explained by the fact that the depression made available ample plant capacity 
but provided an incentive to buy more efficient machines to cut costs. There is ^ 
a well-defined tendency today towards adhering to the 28 percent proportion of 



TREND OF CAPITAL OUTLAYS 341 

total investment allocated to plant construction over the 29-year period from 
im to 1947. 

3. TOTAL EXPENDITURES FOR CONSTRUCTION AND EQUIPMENT 

Estimated Capital Expenditures before 1939 
No official record exists of the amount of capital expenditures made for manu¬ 
facturing plants and equipment for the country at large before 1939. Tlie first 
direct measure of such expenditures by manufacturing concerns in the United 
States was provided for the year 1939 in an enumeration made by the Bureau 
of the Census.* 

Several estimates have been made at various times by competent economists 
in the Federal Government, from relevant statistics available in Washington. 
By piecing these estimates together into a continuous pattern the 29-year trend 
from 1919 to 1947, shown in Table 17, was developed for all types of construc¬ 
tion and durable equipment. 

Major Swings in Capital Expenditures 

The steady increase in grand total expenditures (column 77i in Table 17) ex- 
l)erienced from 1921 to 1929 swings into a precipitous slump during the next four 
years. The year 1933 marks the low point in the collapse of construction ac¬ 
tivity which was felt throughout all types of plants making up the total capital 
goods expenditures. The decisive upturn that occurred in the following year, 
1934, encountered but a minor setback in 1938 on its course to the new highs 
established 3 years later, in 1941, ushered in by defense activities. 

4. TREND OF CAPITAL OUTLAYS FOR PLANTS AND EQUIPMENT 

Gauging General Prosperity by Industrial Capital Outlays 

Investment in new industrial plants and durable equipment is usually con¬ 
sidered the key to general prosperity. Industrial investment plays this crucial 
role in our economy for two reasons: 

1. By plowing back a fair portion of its earnings into new construction and 
equipment, industry is able to provide better machines and equipment to 
keep productivity rising. 

2. When the outlook for profits darkens, capital investment is postponed, 
sometimes indefinitely, and thus contributes to the instability of pro¬ 
duction and employment. 

The amount of earnings plowed back into new plants and equipment varies 
widely from year to year and from decade to decade, as plotted for the 33 years 
from 1915 to 1947, in Figure 199. 

The trend of private and public capital outlays for industrial plants and equip- 
^ment for this period is characterized by the following five successive stages: 

* Sixteenth Ceusits of the United States, 1940; Manufactures, 1939, Vol. 1, page 364. 



TABLE 17. ESTIMATES OF CAPITAL EXPENDITURES FOR CONSTRUCTION AND EQUIPMENT IN THE UNITED STATES 

DURING THE 29 YEARS FROM 1919 THROUGH 1947 

Private and Public Capital Outlays for Industrial and Non-Industrial Activities, in Millions of Dollars (1919-1947). Figures in Current Prices 

the Year in Which the Expenditures Were Made 
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CAPITAL OUTLAYS FOR PLANT AND EQUIPMENT 


(a) 1916-1920,. war expansion. Large additions to factory buildings and in¬ 
dustrial equipment financed by private capital. Public construction of industrial 
plants and equipment (see Table 17, column b) was practically negligible, 
amounting to less than 1 percent of industrial outlays before 1940. 

(b) 1921-1930, peacetime expansion. A sharp drop in 1921 from war expan¬ 
sion to peacetime level. Outlays maintained a substantial rise which reached a 


Billions of dollars 


Billions of dollars 



Fig. 199. Private and public capital outlays for industrial plants and equipment in the United 
States from 1915 to 1947, and industrial output for selected years. Sources of data: Indus- 
trud output in value added by manufacture, Sixteenth Census of the United States, 1940, and 
Committee for Economic Development; public capital outlays for industrial plants and 
equipment, Table 19; pnvate capital outlays for industrial plants and equipment, Table 17, 

column (d), and Table 19. 


peak in 1929. This period was noted for broad improvements in machinery and 
manufacturing processes. 

(c) 1931-1940, period of depression. A sharp drop in 1931 and 1932 in indus¬ 
trial capital expenditures. The low figure of $590,000,000 reached in 1932 marks 
the bottom of the 33-year trend. Except for the year 1937, manufacturing capi¬ 
tal expenditures for this decade remained considerably lower than in the pre¬ 
ceding decade. However, the expenditures for plant and equipment during the 
depression were technically more efficient per dollar value than the expenditures 
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in the preceding 10 years. The moderate recession in 1938 was followed by 4 
k years of rapid expansion, as the wheels of war production were set in motion. 

^ (d) 1941-1945, war expansion. The year 1941 marks the advent of heavy 

public outlays for industrial plants and equipment, amounting, to $2,100,000,000 
as compared to $300,000,000 in 1940. In the 2 years following 1941, the bulk 
of the new facilities were built with government funds. The war facilities ex¬ 
pansion reached its peak in 1942, when combined private and public outlays 
totaled $9,200,000,000. With 1942 also came the decline of private expenditures 
which continued through 1943. In 1944, public outlays began to give way to pri¬ 
vate capital. The facilities added during this war expansion period were pro¬ 
vided in the most expeditious manner and at wartime inflated costs. For the 
most part, these additions were not designed for peacetime products. 

(e) 1946-1947, post-war rehabilitation. Sharp increase in industrial expendi- 
r tures to the 33-year peak of $7,300,000,000 in 1947, an all-time high in peacetime 
construction activity and surpassed only by the wartime expansion peak of 
$9,200,000,000 in 1942 for war facilities. The phenomenal level attained in 1946 
and 1947 results from the readjustment of manufacturing facilities to meet pentup 
demand for civilian goods restricted during war years. This high level of capital 
outlays indicates also an insistant demand for new facilities required to modern¬ 
ize, expand, and rehabilitate existing capacity in order to serve adequately the 
peacetime demand for a number of years. The high costs incurred in this ex¬ 
pansion, however, consume the dollars expended without adding a proportionate 
physical amount of capacity as compared to construction costs before 1940. The 
real gain in facilities, therefore, is considerably less than that indicated by the 
large amounts of dollars spent. 

Shortage of Plants at Outbreak of War 

During the 26 years (1915-1940) preceding World War II, the plant of Ameri¬ 
can industry had been wearing out or becoming obsolete almost as fast as it was 
being replaced. This situation is revealed in Table 18, which summarizes capital 
outlays for new plants and equipment from 1915 to 1940. These expenditures 
were made from private sources, except for negligible amounts from government 
funds in 1939 and 1940. 

TABLE 18. PREWAR INVESTMENT IN INDUSTRIAL PLANTS AND EQUIPMENT 


Investment Activity in 26 Years, 1915-1940 Billions of Dollars 

Manufacturing plant and equipment: net assets in 1915 $10.0 * 

New construction of factory buildings, 1915-1940 12.0 t 

Capital expenditures for industrial equipment, 1915-1940 34.5 f 


Total industrial investment made in 26 years $56.5 

Less: depreciation and replacements written off in 26 years 34.0 

Manufacturing plant and equipment: net assets, 1940 $22.5 * 


From section 1 in this chapter, 
t From Table 17, columns a, 5, and c. 
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Fig. 200. Capital outlays for private construction of factory buildings, 1915-1947, exclusive 
of public construction of factory buildings and of military and naval expenditures. For 
supporting data, see Table 17, column (a). 
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It is evident from these figures that $34,000,000,000 were being written off 
J while new outlays of $46,500,000,000 were being made during the 26 years pre¬ 
ceding the war. This process left an increase of only $12,500,000,000 in net 
assets in 1940 over 1915. There can be no doubt that, on the eve of World War 
II, this country was decidedly short of industrial plants and equipment. 

Following the peacetime expansion which culminated in 1929 (see Figure 199), 
there was very little investment in American industry until the beginning of war 
expansion in 1940. The 11-ycar period from 1929 to 1940 left a huge void below 
the normal-growth line connecting the year 1929 with the year 1941 on the chart 
in question. During this period, furthermore, plant facilities were rapidly wear¬ 
ing out almost as fast as they were being replaced. The negligible additions 
made to private plant and equipment in this country between 1929 and 1940 
caught American industry with a grievous shortage in manufacturing facilities 
^ when war broke out in Europe. 

Private Plant Construction at Standstill during War Expansion Period 

The trend in capital outlays for the private construction of new factory build¬ 
ings, exclusive of durable equipment, is plotted in Figure 200 for the 33-year 
period, 1915-1947. Before 1945 the high point was reached in 1920 without again 
being attained until after World War II in 1946, 26 years later. Except for a 
small rise in 1941, private plant construction was on a downward trend through¬ 
out the war expansion period. 

Private outlays by manufacturers were sharply curtailed during the war by 
such non-war industries as paper, printing, textile, apparel, and leather. Mean¬ 
while the high rate at which these industries operated during the war subjected 
the equipment to extraordinarily hard w’^ear for which replacements were generally 
restricted and hence inadequate. 

In contrast to the non-war industries, the war industries experienced an ex¬ 
tensive over-all expansion in facilities financed by government funds. These 
industries included chemicals, petroleum products, rubber products, iron and 
steel, transportation equipment, machinery, and non-ferrous metals. The por¬ 
tion of this wartime expansion that is adaptable for peacetime use to compete 
with prewar facilities is a factt)r to be reckoned with in contemplating new plant 
construction. In the first 2 years of postw^ar rehabilitation the sharp increase in 
private expenditures for new factory buildings reached the 33-year peak of 
$1,702,000,000 in 1947, an all-time high in this type of private construction. 

5. WARTIME EXPANSION ADAPTABLE FOR PEACETIME USE 

Two-Thirds of Wartime Expansion Considered Adaptable 

Government expenditures during World War II on plant and equipment in the 
manufacturing industries totaled about $17,000,000,000, as shown in Table 19. 
The major portion of these outlays were for plant facilities to produce aircraft, 
ships, ordnance, and other war materials. The Civilian Production Administra- 
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tion estimated that only $5,000,000,000 worth of tlie $17,000,000,000 of public, 
or federally financed, plants would have a peacetime use.* 

Of the $14,000,000,000 spent by private industry for new industrial facilities 
during 1941-1945, however, the Federal Reserve Board (see footnotes to Table 
19) estimates that practically the entire expansion can be adapted for peace¬ 
time use. The Board further estimates that, in the aggregate of public and pri¬ 
vate outlays, about $20,000,000,000 out of the total $31,000,000,000 of wartime 
expansion may be suitable for postwar production. 

TABLE 19. WARTIME EXPANSION OF INDUSTRIAL PLANTS 
Construction and Equipment During 5 Years, 1941-1945 (in Millions of Dollars) 


Year 

Pulilic ♦ 

Private f 

Total 

1941 

$ 2,130 

$ 3,400 

$ 5,530 

1942 

6,460 

2,760 

9,220 

1943 

4,910 

2,250 

7,160 

1944 

1,870 

2,390 

4,260 

1945 

1,730 

3,210 

4,940 

5 years 

$17,100 

$14,010 

$31,110 


Sources: 

* Public expenditures are mainly for industrial plants and equipment to produce war goods. 
Data from Federal Reserve Bulletin, September 1946, page 967. 

t Private expenditures are for manufacturing plant and equipment, exclusive of mining outlays. 
Data from advance release table of February 2, 1948, cited in Table 17. 

Total expenditures, public and private, correspond with column d in Table 17. 

Apparent Over-Expansion in 1941-1945 

The $20,000,000,000 expansion considered adaptable for peacetime use is 
equivalent to a yearly expansion of $4,000,000,000 over the 5 years of 1941-1945. 
Capital outlays made before the war averaged only $1,700,000,000 annually dur¬ 
ing 1935-1939 (see Table 17, column d). These figures indicate an annual over¬ 
expansion of $2,300,000,000, or 135 percent, over the 5 years of 1941-1945. That 
this excess wartime expansion was more apparent tlian real, however, is borne 
out by the fact that the annual expenditure for plants and equipment in the 2 
years immediately following 1945 amounted to $6,200,000,000 in 1946 and $7,- 
300,000,000 in 1947. This continually rising trend leads us to inquire briefly into 
the outlook for the next decade. 

Large Capital Outlays Required for New Developments 

A number of wartime developments of new methods, materials, and products 
may well increase future capital requirements for additional plants and equip¬ 
ment at a greater rate than accumulated demands for products. Among wartime 
developments which may have significant peacetime applications are: (1) new 
chemical products such as synthetic rubber, plastics, and synthetic fibers and 
fabrics; (2) new food processes and products; (3) new uses for glass, plywood, 

♦Civilian Production Administration, War-^created Manujacturing Plant, Federally Fi^ 
nanced, 1940-1944, November 15, 1945, page 5. 



WARTIME EXPANSION ADAPTABLE FOR PEACETIME USE 


349 


and the light metals; (4) high advances in aviation industry; and (5) new appli¬ 
cations of atomic energy in power production and medicine. 

To adapt these developments to civilian use will require large capital outlays 
for plant and equipment. New industries may grow up from some of these de¬ 
velopments. The television industry is a recent example of an entirely new 
business arising in the postwar period. 



CHAPTER XXII 


Presenting the Proposal 
to the Management 

1. PRELUDE TO A DECISION TO BUY NEW PLANT FACILITIES 

Initial Reaction to a Proposal for Capital Outlay 

Business decisions to purchase new industrial facilities, whether they are plant 
alterations, additions, or new construction, arc influenced by a number of factors 
which are ultimately summed up in the level of earning power of these new fa¬ 
cilities. While operating the existing plant, the manufacturing executive may 
see new plans coming across his desk every day. Unless these plans are ex¬ 
pressed in terms of probable sales and profits involved, he may simply dispatch 
the plans to the proverbial pigeonhole to rest in peace. 

The underlying forces which bear weight in the initial reaction to a proposal 
calling for capital expenditures for plant and equipment and which frequently 
influence the decision between a further consideration or a pigeonhole dismissal 
of the proposal, include the following: 

1. Availability of financial resources for the outlay. 

2. Amount of additional profits anticipated. 

3. The competitive nature of the market. 

4. Tax burden relating to the investment involved. 

5. The age and utilization of the existing capacity. 

6. Current level of construction costs. 

Unless these forces are properly appraised and reflected in the plans, the pro¬ 
posal may become just another paper across the executive’s desk. If, however, it 
contains sound indications of increased profits through lower operating cost or 
through an expanded sales output, it will invariably awaken interest and perhaps 
open the door to active consideration. Such is the acid test of most plant layout 
projects. 

Plans for plant expansion do not necessarily always have to include increased 
profits in order to be thoroughly sound and attractive to management. Although 
the reduction of production costs stands high in the list of important reasons for 
new facilities, it is not always the sole criterion. Other decisive situations that 
at times compel management to contemplate new construction and equipment 
expenditures include such considerations as: 
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1. Essential expansion blocked by lack of space. 

2. Obsolescence of existing factory buildings. This situation may require 
modernization of old buildings or construction of new ones to enable the 
enterprise to remain on a competitive level. 

3. Loss of effectiveness of machinery and ecjuipment caused by limitations 
imposed on the plant layouts by the buildings housing these layouts. 

4. Need of decentralizing operations into smaller units to establish better 
control, higher eflSciency, and greater flexibility for expansion. 

5. Need for changing the location of the plant to be closer to sales markets 
or sources of raw materials; or for better transportation facilities; or to 
secure better employee facilities, such as housing, transportation, and 
recreation. The importance of good personnel relations in an industrial 
plant has become a key factor in recent years. 

Each reason for plant alteration or expansion should be developed clearly and 
in detail. The procedures recommended for such development are contained in 
the preceding chapters of this book. The information gathered and evaluated 
in these chapters forms the basis for determining the kind and size of plant ex¬ 
pansion best suited for the requirements at hand. These requirements have been 
reflected in the plant layout, and the proposal is ready for presentation to man¬ 
agement. What this proposal should contain becomes the subject matter of the 
present chapter. 

Motivating Factors Underlying Capital Requirements 

The causal relationship of the various forces that lead to private capital ex¬ 
penditures for industrial plants and equipment may be summarized as follows: 

1. Market demand and product design determine production volume and 
process requirements. 

2. Production volume and process requirements determine plant layout re¬ 
quirements. 

3. Plant layout requirements determine the type and size of factory build¬ 
ings and the type and quantities of equipment and facilities. 

Sales Approach in Final Presentation 

In submitting the plant layout to management, however, the sequence of these 
three steps often is presented in reverse order. The building project is shown 
first. This is followed by the plant layout plans in the form of schematic dia¬ 
grams for plant areas. To justify the proposal at this point, a summary is given 
of sales output, operating costs, and resulting net profit. As in most sales presen¬ 
tations, the price is withheld until due interest has been aroused. In the case of 
a plant layout project, the price is the capital outlay needed for the project. 
The shock of this final disclosure is frequently somewhat cushioned by the out¬ 
look for increased net profit held out to management. 
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2. VIEWING THE PROJECT ON A RENDERING, MODEL, OR LAYOUT 

Time Required to Develop a Layout Project 

Depending upon its size and scope, a plant layout project may be in prepara¬ 
tion anywhere from less than one day up to several months, and sometimes years. 
The rearrangement of a work station or relocation of a productive machine 
takes but a portion of a day to lay out in final form. Rearrangements of whole 



Fig. 201. Artist's conception portraying the finished plant in three dimensions. Rayon yarn 
plant of Beaunit Mills, Inc., Childersburg, Ala., is substantially one building divided into a 
number of sections The entire plant is windowless and fully air conditioned, not only in the 
process departments but also in the offices, laboratories, storage areas, and shipping space. 

{Courtesy of Lockwood Greene Engineers, Inc., New York.) 

departments and alterations or additions to existing factory buildings require 
several weeks or months to execute in finished stage on layout plans. After hav¬ 
ing worked for weeks or months on a layout project, the plant layout engineer is 
confronted with the problem of presenting it cold to a busy executive, who may 
be inclined to look upon it as just another item in his day’s routine. It behooves 
the plant layout engineer, in most cases, to devise a medium for conveying at a 
glance the product of his weeks or months of concentration on the project. 

Artist’s Conception 

If the project covers a new plant, perhaps the most effective means of con¬ 
veying to anyone what the plant will look like, how large it will be, and what its 
general surroundings will be like is an artist’s conception portraying the finished 
plant in three dimensions, as illustrated in Figure 201. Pencil sketches of this 
type, when properly executed, are works of art fit for framing under glass. 
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Architect’s Rendering 

A close competitor of the artistes conception as an effective means of picturing 
a new plant is the architect’s rendering, such as the one illustrated in Figure 202. 



Fig. 202. ArchitccVs rendering of a proposed plant. Making the plant fit the layout need 
not deprive the building of all architectural design. This is a multi-story building for the 
printing plant of the Crowell-Collier Publishing Company, Springfield, Ohio. Ordinarily a 
rendering is not made until the type and size of plant have been selected to suit the building 
requirements determined by the completed plant layout. (Courtesy of the Austin Company^ 

Cleveland.) 

A rendering usually follows rigid lines extended from scaled dimensions, and con¬ 
sequently has a somewhat cold appearance as compared to the shadowed, vanish¬ 
ing, and intriguing unevenness of nature contained in the artist’s conception. 
The inevitable rigidity of the architect’s rendering in Figure 202 is particularly 
noticeable when the rendering is compared with the photograph of the actual 
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Fig. 203. View of the completed building shown by rendering in Figure 202. Building has 
been planned for the later addition of three more stories. The structure measures 146 feet 
(left) by 290 feet (right) and was completed in 1947 at a cost of approximately $1,500,000. 
{Courtesy oj the Austin Company, Cleveland.) 



Fig. 204. Miniature model of a multistory plant. Stripped of walls and roof, this scale 
model of a tungsten and molybdenum ore refining plant shows all units of machinery and 
equipment in position on each floor, and gives a realistic view of the gravity flow of work 
in process, from floor to floor. Columns, stairways, and production areas extending through 
two or more floors are clearly seen in the model. Presentations of this type convey a view 
of all floors at one glance, which could not be obtained from blueprints. {Courtesy of West- 
inghouse Electric Corporation, Pittsburgh.) 
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Fig. 205. Three-dimensional layout of a single-story plant. Removable framework of trusses 
and columns permits easy access to all models of machinery and equipment whenever rear¬ 
rangements are desired. Note railroad siding in left foreground. For executives who have 
little patience or familiarity with detail layout drawings attempting to show all these units 
of machinery and equipment, this type of layout presentation seldom fails to arouse proper 
interest from the start. {Courtesy of Gaudreau, Rimbach <& Associates, Pittsburgh,) 
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plant in Figure 203.' The lowering of the perspective in the photograph, of course, 
tends to make the rendering appear somewhat exaggerated in its building lines. 

Miniature Model 

For less pretentious construction projects, such as alterations within exist¬ 
ing buildings, particularly where more than one floor is involved in the plan, a 
miniature model of the interior of the plant, such as shown in Figure 204, has 
proved highly practical. What this medium lacks in artistic touch is often more 
than compensated for by the feeling of realism it carries regarding equipment 



Fig. 206. Cutaway perspective drawing. Diagram of typiral factory with roof and manufac¬ 
turing floor cut away to show basement entrances, passages, and employee facilities. {Courtesy 
oj Albert Kahn Associated Architects and Engineers^ Detroit.) 


and operations. The interrelationship of equipment established in a fully 
equipped miniature plant tends to lift the curtain of technical language which 
often conceals the fundamental merits of a project. With tlie aid of a pencil as 
an indicator, work going through complicated equipment or processing can be 
followed readily from one processing unit to another. This avoids beclouding the 
flow with technical terms not commonly understood by the various members of 
management who may have to pass approval on the project. 

Three-Dimensional Layout 

The miniature-plant idea is equally as effective a medium of presentation when 
only a single floor is under consideration. When used for a single floor, the 
miniature model is commonly referred to as a three-dimensional layout. A speci¬ 
men of this type of layout is illustrated in Figure 205. 

Cutaway Perspective Drawing 

A less elaborate but quickly effective method of presenting the floor areas of a 
single-story building is the cutaway perspective drawing illustrated in Figure 206. 
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The Need of a Clear Conception 

AVhichever form of visual aid is used, whether it be an artist's conception, an 
architect's rendering, a miniature model of the plant, or a more simple three-di¬ 
mensional layout, the point to keep in mind is the purpose that the visual aid is 
to serve. The elaborateness of the medium used depends largely upon the size 
of the capital outlay called for in the proposal and the number of people who 
will have to pass on it. Some of these people may be directors, company of¬ 
ficials, department heads, legal and accounting specialists, etc., many of whom 
may possess little or no knowledge of factory operations. When this is so, and it 
is more often than not, the proposal must be heralded by a simple, clearly under¬ 
standable visual aid, if it is to be saved from the hazard of being nipped in the 
bud for the want of a proper conception by the approval-granting authorities. 

3. ISOLATING THE PROPOSAL ON PLOT AND FLOW PLANS 

Having presented a realistic conception of structural features of the proposal, 
the next step usually taken is to outline its functional or operational ad¬ 
vantages. To do this clearly for a non-existent structure, or for one located at a 
place where some of the approval authorities are not likely to visit, again taxes 
the resourcefulness of the plant layout engineer. 

Plot Plans 

A good starting point in this attempt is to orient the reader of the proposal in 
the position of the project as regards the general pattern of the plant property. 
A plot plan showing all the existing buildings on the plant premises, such as the 
plan illustrated in Figure 207, serves this particular purpose in simple language 
which is readily understood. Shaded areas indicate the location and size of 
proposed building additions and extensions when the structural lines of the build¬ 
ings are involved. 

AVhen no building construction is involved and only one or more internal re¬ 
arrangements are considered, it is still desirable to locate these particular areas 
in shaded form on the plot plan. By thus providing a positive anchorage point, 
it is easier to form a sound conception of the proportions of the project in rela¬ 
tion to the general scheme of manufacturing activities being carried on in the 
existing plant. 

The most that can be expected from a plot plan in a proposal is perhaps lim¬ 
ited to a static view of the proportion and relative location of the project. How¬ 
ever, a three-dimensional view of the plot plan, as shown in Figure 208, provides 
a more realistic conception of the entire premises of the plant. 

Material-Flow Diagram 

The project must now be animated with a flow diagram which shows the action 
of the work in process as it moves through the area covered by the project. An 
unusually vivid illustration of the flow and processing of work in process in a 
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Fig. 207. Plot plan of existing buildings with shaded areas to indicate location and size of proposed building additions 
and extensions. Note the three shaded areas appended to the H building in the upper center and the proposed ex¬ 
tension to the L building in the lower center. {Courtesy of Gaudreau, Rimhach & Associates, Pittsburgh.) 
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paint plant is shown in Figure 209. The entire manufacturing cycle, from incom¬ 
ing raw materials to outgoing finished products, is clearly depicted in this flow 
diagram of a paint-canning plant, even to the point of showing some of the 
operators in action. Although a diagram of this type is primarily intended for 
public consumption, it would be highly serviceable in a formal presentation, time 
and talent permitting. 

Another schematic plan along these lines, but in much simpler form, is shown 
in Figure 210. This particular type, however, is prepared principally for use in 
submitting plant layout proposals. 



Fig. 208. Plot plan in three dimensions provides a realistic conception of the entire premises 
of the Naval Stores Plant of the Newport Industries, Inc., at Oakdale, La. {Courtesy of 
Stone <& Webster Engineering Corporation^ Boston.) 


General Flow Plan 

A more customary form of general flow plan of a plant is shown in Figure 211. 
The scale often used for this purpose is 1 inch per 30 feet. The course followed 
by the material through the plant is traced by heavy flow lines superimposed on 
the layout drawing showing plant departments and major activities by areas. 
This type of plan is first used for developing or improving flow paths to ascertain 
the best geographic location for each department or manufacturing activity. It 
is eventually incorporated into the proposal submitted to the management. 


4. CASE PRESENTATION OF LAYOUT PROPOSALS FOR A FOUNDRY 
Evaluation of the Proposal 

Accompanying the visual aids, plans, and flow diagrams and forming perhaps 
the most important part of the presentation, is the evaluation of the proposal in 
terms of cash outlays and returns on investment. The accounting complications 
likely to be encountered in developing this phase of the proposal have been the 
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death knell of many a project, however sound it may have been from the stand¬ 
point of practical manufacturing operations. 

Two principal reasons exist why many sound and practical layout projects are 
snuffed out of further consideration at this particular stage of the presentation. 
One is that plant layout engineers are normally not sufficiently familiar with ac¬ 
counting technique to develop the financial angles, such as sales returns, operat¬ 
ing costs, and deductions from gross profit, of a project so as to be able to point 
out its true economic advantages. This function is usually placed at the mercy 
of a less interested individual, namely, the proverbially unexcitable accountant. 
The other reason is that this same accountant is seldom moved by inclination or 
training to wade through layout plans and supporting engineering data far enough 
to gain a practical insight of the basic merits of the project from an operation 
standpoint. 

Basic Accounting Principles Involved 

The fault, if such it may be called, seems to lie more heavily on the side of the 
engineer than on that of the accountant, however. What few basic accounting 
principles the engineer needs to acquire to achieve his purpose are not to be 
conii)ared in magnitude with the broad technical knowledge the accountant would 
have to add to his own involved sphere in order to be able to analyze engineering 
problems intelligibly. The basic accounting principles which the engineer needs 
to know are illustrated in the actual presentation described below and analyzed 
in Section 5, which follows next. 

The case presentation is that of a foundry and machine shop located in one 
plant. For the purpose at hand, it could be any foundry, or any other type of 
plant, for that matter. The layouts and accounting figures shown here for this 
proposal have been altered considerably to guard against the disclosure of per¬ 
tinent information about this plant. The forms and method used in preparing 
the proposal for presentation arc actual, however. The main point at issue is 
one of technique rather than of scrutiny of performance. 

Existing and Proposed Plant Layouts 

At the time the proposal was developed the plant was laid out somewhat along 
the lines shown in the existing layout appearing in Figure 211. Our main con¬ 
cern is with the existing flow of work. Using this layout as the starting point, 
let us examine the various rearrangements developed for it by the plant layout 
engineer in the modernization layout shown in Figure 212. On this plan the flow 
of material has been rearranged. To make this flow possible, eight separa'k con¬ 
struction projects, identified by shaded areas lettered from A to K, are consio cred. 

Optional Investment Plans 

An examination of Table 20 ^indicates that the eight projects, A to K, when 
grouped in certain ways, open up nine possibilities of modernizing this plant be¬ 
fore considering the construction of a whole new plant. These nine possibilities 
are designated as investment plans, numbered from 1 to 9. Plan 1 combines proj- 
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ects A and B. Plan 2 takes in projects A, B, and C. The remaining investment 
plans continue to add on or drop off the rest of the projects. 

The investment expenditure starts at $525,635 for plan 1 and varies from plan 
to plan, attaining a modernization maximum outlay of $1,479,345 under plan 9 
before considering a new plant. In the lower part of the same table is given a 
breakdown of each investment plan by types of outlays. That, in a nutshell, is 
the sum total of all the various capital outlays under consideration for moderniz¬ 
ing the old plant. As a final alternative, a completely new plant is considered 
in plan 10. 

Analysis of Capital Expenditure under Each Plan 

For each project listed under the various investment plans in Table 20, an 
itemization must be made to show a separate evaluation for each constituent 
item. By way of illustration, an analysis is made in Table 21 of the various 


TABLE 21. ANALYSIS OF CAPITAL EXPENDITURE 


Investment plan No.: ^ Construction project No. ? Date: May 5, 1949. 

Existing property affected: Foundry and machine shop 

Description of project: Acquire land, construct buildings, and replace immobile equipment in a 
new location 


Item 

No. Description of Appropriation Items Expense 

1,001 Land: 10 acres (435,600 square feet) 

1,002 Improvements underground: water, gas, electricity, com¬ 
pressed air, oil lines, clearing site, etc. 

1,003 Factory buildings 
1,004 Cranes 
1,005 Furnaces and ovens 
1,006 Office building 
1,007 Powerhouse 

1,008 Moving expense: for transferring movable assets, including 

new foundations for them, and transportation costs $175,000 

1,009 Railroad switches, industrial tracks, new substation for power 
lines, roads, concrete floors, casting pits, storage, etc. 

1,010 Pattern shop and service buildings, including storeroom, wash¬ 
room, and lockers 

1,011 Miscellaneous extras and unanticipated items 


Fixed 

Capital 

$265,000 

162,000 

820,000 

415,000 

620,000 

70,000 

81,000 


235,000 

170,000 

232,000 


Total Layout Project 


$176,000 $3,070,000 


items of expenditure which make up the total outlay of $3,245,000 in Plan 10 to 
build an entirely new plant in a more advantageous location. 

All the plans and tables seen so far for the proposal under review are the handi¬ 
work of the plant layout engineer. The accounting phases of this presentation 
have not been touched upon as yet and have been reserved for consideration in 
Section 5. 
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TABLE 22. 5-YEAR ESTIMATED RETURNS ON LAYOUT PROJECTS 


Investment plan No.: ^ Construction project Nos.: A, B, C, D, J, and K pate: UHt) 

Existing property affected: Foundry and machine shop 

Description of plan: Extend plant into area 7 and buy section of C Street. 


DESCRIPTION OF 
STATEMENT ITEM 

STATEMENT 
FOR LAST 
ACTUAL 
YEAR 

ESTIMATED 
STATEMENT 
FOR NEW 
PLAN 

RETURNS ON 
EXPENDITURES 

Changes over 
Actual Year 

Percent 

('liange 

New capital expenditure (fixed cai)ital) for this ftlaii 

SI.349,145 



FIRST YEAR OF PLAN 


Net sales 

$4,074,073 

$6,043,353 

+ $1,969,280 

+ 48 

Less • cost of sales 

deductions from gross profit 
moving ex|iense, etc., first year 

$3,.325.496 
387,967 

$3,962,592 
423,.533 
i:i0,2lK) 

+ 637,096 

+ 35,.566 

+ 130,21K) 

+ 19 

Net profit* amount 

Net profit: percent 

$ .360.610 

8 9 

$1,.527,028 * 
25 3 

+ .$1,166,418 * 

+ 16 4 



SECOND YEAR OF PLAN 


Net sales 

$4,074,073 

$7,0.53,2.33 

+$2,979,1(50 

+ 73 

Less, cost of sales 

$.3,.325,496 

$4,128,.375 

+ 802,879 

+ 24 

deductions from gross profit 

387,967 

427,.5.33 

+ .39,,566 


Net profit; amount 

$ 360,610 

$2,497,.32.5 

4 $2,136,715 


Net profit: iiercent 

8 9 

35 4 

4 26.5 



THIRD YEAR OF PLAN 


Net sales 

I 

1 $4,074,073 

$8,063,113 

+$3,989,040 

+ 98 

IjCss cost of salf*8 

deductions from gross profit 

$3,.325,496 
387,967 

$4,294,182 
431,.5.3.3 

+$ 968,686 
+ 43,.5(i6 

+ 29 

Net profit: amount 

Net profit: percent 

$ 360,610 

8.9 

$3.337,.398 
41.4 

+ $2,976,788 
+ 32 5 



FOURTH YEAR OF PLAN 


Net sales 

$4,074,073 

$8,663,993 

+ $4,.589,920 

+ 112 

Less: cost of sales 

deductions from gross profit 

$3,325,490 

387,967 

$4,459,991 

435,.5;i3 

+ $1,134,495 
+ 47,566 

+ 34 

Net profit: amount 

Net profit: percent 

$ .360,610 

8 9 

$3,768,469 

43.5 

+$3,407.8.59 

34.6 



FIFTH YEAR OF PLAN 


Net salee 

$4,074,073 

$8,855,873 

+$4,781,800 

+ 117 

Less: cost of sales 

deductions from gross profit 

$3,325,496 

387,967 

$4,534,161 

439,533 

+$1,208,665 
+ 51,.566 

+ 36 

Net profit: amount 

Net profit: percent 

$ 360,610 

8.9 

$3,882,179 

43.8 

+$3.521,.569 
+ 34 9 



* First year projected returns are further analyzed in Table 23. 

















PROFITS ON LAYOUT PROJECTS 


367 


5. CASE DEVELOPMENT OF PROFITS ON LAYOUT PROJECTS 
Analysis of the Financial Figures 

Taking investment plan No. 9 for illustration, let us examine what the ac¬ 
countant has done with the engineer's figures described in the preceding section. 
Perhaps the simplest approach to an analysis of the financial figures prepared 
in support of the proposal is to proceed from the general to the particular. Spe¬ 
cifically, the final accounting statement will be discussed first. From this state¬ 
ment, our inquiry will proceed to the more detailed data supporting it. There are 
four statements in all, each one dovetailing into the successive one until our 
perusal takes us right back into the basic estimates originally developed by the 
plant layout engineer. 

Estimated Returns on Layout Projects 

Our starting point, therefore, is the summary statement in Table 22 covering 
the projected profit to be derived from the plan over the first 5 years of its opera¬ 
tion. These figures are shown in the column captioned “Estimated Statement 
for New Plan.” All figures used throughout the present discussion are yearly 
amounts. This column points out that the new plan will yield an annual per¬ 
centage of net profit which progresses upward over the first four years, namely, 
from 25.3 to 43.5 percent, and then levels off to 43.8 percent in the fifth year. In 
this connection, it is important to note that estimates of net profit should not 
stoj) with an examination of only the first year of operations. It may be, as in 
this case, that the returns in subsequent years far exceed the showing to be made 
in the first year. 

This column by itself fails to indicate to what extent, if any, the returns from 
the new plan exceed tlie returns already being obtained from present activities. 
A quick glance at the column headed “Statement for Last Actual Year” shows 
that the existing operations are yielding but 8.9 percent in net profit and will re¬ 
main at tliat level for the 5 years under consideration. 

In the last ct)lumn on the right, we find that the new plan makes it possible 
to increase net sales by 48 percent during the first year, accompanied by an in¬ 
crease of but 19 percent in cost of sales. This differential causes the percentage 
of net profit to jump from 8.9 to 25.3 during the first year and up to 43.8 during 
the fifth year. 

In terms of actual money, the plan will, in its fifth year, bring in $3,521,569 
more net profit per year than would be secured with the existing layout. It will 
be recalled from Table 20 that this plan involved a capital expenditure of $1,349,- 
145 for land, buildings, and equipment. This investment, according to the pro¬ 
jected net returns already indicated, would yield almost three times this amount 
in added net profit during the fifth year of its operation. 

Analysis of Net Profit Amount 

These are the figures which management needs in passing judgment on the 
economic soundness of a capital expenditure for new facilities. How the account- 
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TABLE 23. ANALYSIS OF NET PROFIT AMOUNT FOR FIRST-YEAR 
PROJECTED RETURNS ON CAPITAL EXPENDITURE 

Investment plan No.: _2_ Construction project Nos.: A, B, C, D, J and K Date: May 5,1949 

Existing property affected: Foundry and machine shop 

Description of plan: Extend plant into area 7 and buy section of C Street 



Statement of material, labor, and expense by cost accounts appears in Table 24. 
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ant arrives at such glowing results becomes our next concern. For the purpose 
at hand, the analysis will be confined to the figures for the first year of operations. 
An analysis of the net profit amount for that year is shown in Table 23. This 
statement is only a detail elaboration of the figures just discussed ip Table 22. 

In this analysis for the first year we find that the physical output in tons cast 
is increased by 34 percent by the new plan, but that the gross sales returns have 
jumped 51 percent. This spread is due to higher sales prices obtainable for the 
two new lines of products introduced by the new plan, as summarized at the foot 
of the table. The sales price factor, therefore, has a direct influence on the justi¬ 
fication of the layout proposal, and the plant layout engineer should keep this in 
mind in developing his presentation. 

With an increase of 34 percent in physical output, the amount of returns and 
allowances is increased by only 14 percent. This is another source of economic 
advantage for the proposal not usually included in engineers^ figures of estimated 
manufacturing costs and resulting savings. 

Another item considered on this statement is freight outbound. In this particu¬ 
lar illustration, however, this element goes up 53 percent for a corresponding 
increase of 51 percent in gross sales and of 34 percent in physical volume. Al¬ 
though it happens to be unfavorable in this case, this factor must still be reckoned 
with. There are times when it yields a favorable differential. 

Before discussing the changes in the costs of material, labor, and expense, only 
one group of accounts remains to be considered, namely, deductions from gross 
profit. Although the plant layout engineer seldom deals with these figures in his 
everyday activities, he should keep an eye on their probable effect on his pro¬ 
posals. In this analysis the only account affected by the new plan is provision 
for depreciation. The indicated increase of $35,566 per year for this item is ac¬ 
counted for by the need of depreciating the added capital expenditure necessi¬ 
tated by the new plan. 

Material, Labor, and Expense 

The analysis of material, labor, and expense shown in Table 23 is made in the 
statement appearing in Table 24. In this statement, we find ourselves fully in 
the field of the plant layout engineer's estimates. With an increase of 34 percent 
in tonnage produced, the statement shows that material will increase only 26 per¬ 
cent, direct labor 16 percent, etc. The total cost of material, labor, and expense 
is increased by only 19 percent for the 34 percent rise in volume. 

Cost Estimates Supplied by the Plant Layout Engineer 

An illustration of how the plant layout engineer arrives at his estimates is 
given in Table 25 for the account of direct labor encountered in the table just 
discussed. There we find that the amount of added cost occasioned by the in¬ 
crease in production is arrived at from two independent but co-ordinating angles, 
namely: 

a. Flat additional costs incurred by increased tonnage. This group covers 
estimates of outright increases in personnel which must be made in certain 
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TABLE 24. STATEMENT OF MATERIAL, LABOR, AND EXPENSE 


Investment plan No.: Construction projects Nos.: A, B, C, D, J, and K Date: May 5, 1949 

Existing property affected: Foundry and machine shop 

Description of plan: Extend plant into area 7 and buy section of C Street 


DESCRIPTION OF 
STATEMENT ITEM 

STATEMENT 
FOR LAST 
ACTUAL 
YEAR 

ESTIMATED 
STATEMENT 
FOR NEW 
PLAN 

RETURNS ON 
EXPENDITURES 
Changes over Percent 
Actual Year Change 

Total production in tons cast 

24,700 

33,200 

+ 8,5(X) 

+34 

Production material 

$1,042,780 

$1,318,352 

+$275,572 

+20 

Direct labor 

$ 838,050 

$ 072,381 

+$133,425 * 

+ 10 

Contributing labor 

508,141 

550,733 

+ 51,502 

+ 10 

Supervision 

187,793 

187,703 

— 

— 

Overtimt* premium 

37,500 

39,240 

-h 1.740 

+ 5 

Clerical and maintenance* labor 

(>2,489 

03,707 

+ 1,308 

+ 2 

Vacations 

55,431 

01,037 

+ 6,206 

+ 11 

Total labor 

$1,000,310 

$1,884,581 

+$104,271 

+ 11 

Electric power 

$ 48,590 

$ 02,490 

+$ 13,000 

+20 

Fuel 

172,303 

228,233 

+ 55,030 

+32 

Chills and flasks, depreciation 

52,084 

72,084 

+ 20,000 

+38 

Supplies, general 

201,555 

239,805 

+ 38,250 

+ 10 

Repairs and maintenance supplies 

108,004 

135,944 

+ 27,040 

+2(i 

Total power, fuel, and supplies 

$ 582,530 

$ 738,556 

+$150,020 

+27 

Insurance, compensation and group 

$ 30,154 

$ 40,291 

+ 4,137 

+ 12 

Taxes, social security 

42,072 

47,861 

+ 4,880 

+ 11 

Taxes, property 

14,059 

16,266 

+ 2,207 

+ 10 

‘ Miscellaneous expenses and irn^ome 

-9,010 

-9,616 

— 

— . 

Total general expense 

$ 83,509 

$ 94,802 

+$ 11,233 

+ 13 

Total material, labor, and expense 

$3,399,195 

$4,036,291 

+$637,096 

+ 10 


* Method of estimating increase of $133,425 in direct labor is developed in Table 25. 

operating and service plant departments to take care of the new projects 
proposed for the added business. So long as these facilities are placed in 
operation, they require a fixed number of attendants. This number is 
needed all at once and docs not vary with volume, except when volume 
begins to exceed extreme limits. 

b. Departmental costs varying directly with increased tonnage. These costs 
may be determined on a pro-rata basis per quantity unit, such as, in this 
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case, per ton of added volume. These are the departmental costs which 
may be gauged statistically by one or more of the following bases: 

1. Actual cost per unit. 

2. Standard cost per unit. 

3. Standard time value per unit. 

TABLE 26. ESTIMATE OF ADDED COST FOR INCREASED PRODUCTION 

Cost Account: Direct labor Plant departments: All productive and service 

Investment plan No.: Construction project Nos.: A, B, C, D, J, and K Date: May 5, 1949 

Existing property affected: Foundry and machine shop 
Description of plan: Extend plant into area 7 and buy section of C Street 



ACTUAL 

EXTRA 

NEW LINE 

TOTAL 

PLANT DEPARTMENT 

COST 

HEAVY 

OF FORGED 

ADDED 


PER TON CASTINGS 

PRODUCTS 

COST 

Increased tonnage involved 


6,000 

2,500 

8,500 

Flat additional costs incurred by increased tonnage 




Open-hearth furnaces 


$ 4,000 

$ 4,000 

$ 8,000 

Cleaning and chipping 


6,000 

2,000 

8,000 

Machine shop 


25,000 


25,000 

Shipping labor 


2,000 


2,000 

Maintenance labor 


3,000 

2,000 

5,000 

New forge shop 



15,000 

15,000 

Total flat additional labor 


$40,000 

$23,000 

$ 63,000 

Departmental costs varying directly with increased tonnage 




Coremaking and molding 

$6.94 

41,640 


41,640 

Transportation (present foundry) 

1.60 

9,660 


9,660 

Machine shop 

3.63 


9,050 

9,050 

Receiving, stores, and yard 

1.07 


2,675 

2,675 

Transportation (new forge shop) 

2.96 


7,400 

7,400 

Total directly variable labor 


$51,300 

$19,125 

$ 70,425 

GRAND TOTAL ADDED COST 



Grand total additional direct labor 


$91,300 

$42,125 

$133,425 


The blueprint of management. Without delving further into accounting detail 
with which the plant layout engineer should be already familiar, we have come 
to the end of our exploration through the financial statements that usually sup¬ 
port a proposal presented to management for consideration. The few accounting 
estimates encountered in our discussion are surely not beyond the grasp of the 
alert plant layout engineer. With these financial factors reflected in the pro¬ 
posal, the plant layout thus truly becomes the blueprint of management 
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Brock-Hall Dairy Co., 303 
Brockway Glass Co., 220 
Building design, antiquated types of, 197 
architect’s rendering of, 353 
artist’s conception of, 352 
bays, 333, 334 
characteristics of, 196, 201 
cross-sections, 22, 85, 333 
dimensions, 118 
drawings, 84, 85, 118 
elevations, 85, 333, 334 
functions, 325-328 
shapes, 331, 332 
functional, 332 
high-bay, 333, 334 
low-bay, 333, 334 
modem types of, 198 
one-story buildings, 333, 334 
roofs, 333, 334 

selection of, 328, 331-334, 353 
two buildings in one, 323 
variety in, 330, 331 
versus plant layout, 5 

Building illustrations, antiquated plants, 197 
atomic power plant, 113 
boiler plant, 276 
ceramics plant, 36 
electronics plant, 308 
foundry and machine shop, 225 
furniture factory, 329 
hosiery mill, 163 
laboratory buildings, 33z 
lamp works, 72 
linoleum plant, 327 
modern plants, 198 
naval stores plant, 359 
newspaper plant, 323 
oil refinery, 68 
ore-crushing plant, 327 
pilot plant, 58 
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Building illustrations, power plants, 272, 274 
printing plant, 324 
publishing plants, 353, 354 
rayon yam plant, 352 
refractories plant, 198 
tire and rubber plant, 212 
Buildings and equipment, check-list of, 68, 69 
Buildings and grounds, maintenance of, 261 
BulUDog Electric Products Co., 283 
Bullard Co., The, 93 

Cafeterias, layout of, 314 
seating 150 people, 313 
serving counter, 315 
serving lines, 313 
size and type of, 311-313 
Canteens, 319 

Capital expenditures, see Capital investment 
Capital investment, amortization of, 191 
analysis of, 365 

benefits from layout for, 34, 35 
in construction and equipment, 322 
in plants and equipment, 337, 338, 345, 346 
influenced by production volume, 135 
plot plan for, 74 
preliminary estimates of, 60 
returns on, 366-368 
turnover of, 338, 339 
under alternate plans, 363-365 
Capital outlays, .sec Capital investment 
Cargo planes, 220-222 
Carriers, air-freight planes, 220-221 
codes from, 215 
types of, 214, 215 

Check-list, buildings and equipment, 68, 69 
data for a material-handling project, 196 
material-handling factors, 197 
, production loads, 68 
Chutes, classification of, 188, 189 
for cartons in glass fac.tory, 220 
Cold-cathode lighting, 289 
Columns, elimination of, 334-336 
spacings of, 227 

Component part analysis form, 116, 131, 142, 
144 

Component parts, integration of, 197 
Conduits, electric, 335 
Conference rooms, 292 
Construction cost, see Capital investment 
Construction expenditures, see Capital invest¬ 
ment 

Construction projects, 364, Fig. 212 
Consulting engineers, 11 
Containers, description of, 196 
physical aspects of, 199 


Containers, storage of, 199 
tierable, 243 1 

Conveyors, at work benches, 260 
classification of, 186, 187 
crossovers for, 201 
floor-mounted types of, 179, 181 
height of, 201 
in assembly line, 33 
in dispatch station, 256, 257 
overhead types of, 179, 181, 207 
plant designed along, 327 
roller, 207 

types of, 179, 181, 183 
Corridors in offices, 298 
Cost analysis of material handling, 196 
Cost center, 172 

Cost estimates by plant layout engineers, 369 * 
Cost information for plant layout, 124, Fig. 

53 

Cost of labor, analyzed by accounts, 370 
decimal hours used in, 153 
direct, by departments, 371 
Labor Costimator for, 154, Fig. 69 
of material handling, 9, 180, 182, 196, 208, 
209 

rates in, 153, 154 

savings from plant layout, 31, 34, 140, 144 
Cost of manufacturing, analyzed by accounts, 
370 

effect of work station on, 171 
estimated from plant layout, 4 
opportunity for reduction of, 10 
savings from plant layout, 34, 35, 148, 321 
why it appears high, 21 
Cost of material consumption, 370 
Cost of material handling, analysis of, 196 
hidden in accounting, 7, 9 
hidden in direct labor, 180 
potential savings in, 26, 27 
savings in direct labor, 180 
without sales value, 178 
Cost of new construction, see Capital invest¬ 
ment 

Cost of product, dependence on quantity, 134, 
135 

estimating of, 155 
Cost of tooling, estimating of, 155 
Cost records, 80 

Cost reduction, see headings beginning Sav¬ 
ings 

Courier-Journal and Louisville Times, 295, 323 
Cranes, classification of, 186, 187 
mobile types, 177 
on two levels of runways, 51 
overhead types, 177 
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Crossovers for conveyors, 201 
Crowell-Collier Publishing Co., 353, 354 
Cutaway perspective drawing, 356 

Dead storage, 232 
Departmental costs, 370, 371 
Depression periods, 344, 345 
Design, see name of subject designed 
Desk clearances, 299, 301 
Diagonal stacking, 204 
Dies, design of, 193 
Diesel engines, 273 
Dispatch station, as a storeroom, 232 
functions of, 255, 256 
mechanization of, 257 
Docks, receiving and shipping, 215-218 
Doors in factory, overhead-swinging, 216 
Doors in office, location and swing, 297 
Douglas Aircraft Co., 317 
Drafting room, 292 
Drawing technique, 108-110 
Drawings, cutaway perspective, 356 
for material-handling project, 201 
of buildings, 84, 85, 118 
of layout, standard data on, 110 
of machinery and equipment, 83, 86-89 
of schematic flow diagrams, 361, 362, Fig. 
212 

perspective types of. 111, 112 
Drinking fountains, 319 
Dun & Bradstreet, Inc., 294 

Electric power distribution, 277 
Electrical Industrial Truck Association, 235, 
236 

Electricity, flow of, 273 
requirements in plants, 271, 272 
Elevation of buildings, 85, 333, 334 
Emerson Electric Manufacturing Co., 315 
Employment office, 309, 310 
Engineers, consulting, 11 
Enterprises, sizes of, 337 
Entrances to plants, 201 
Equipment and facilities requirements form, 
82, 123, 132 

Equipment expenditures, see Capital invest¬ 
ment 

Equipment operating cost, see Cost of mate¬ 
rial handling 

Expansion, in peacetime, 344 
in wartime, 344-348 
of enterprises, 322, 323 
of plant, plans for, 350, 351 


Expenditures for plant and equipment, see 
Capital investment 

Expenditures of capital, see Capital invest¬ 
ment , 

Evans, Oliver, plant layout in 1790, 22 

Factory building, see headings beginning 
Building 

Factory Management and Maintenance, 93, 
268, 286, 287, 328 
Factory system, 23 
Fairchild Aircraft Co., 222 
Feeding assembly lines, 200 
Field data for plant layout, 68, 69, 84-89, 117, 
118, Fig. 53 
Field notes, 84-86 
Field sketches, 85, 87, 89 
Filing cabinet clearances, 299 
Financial factors in plant layout data, 125, 
126, Fig. 53 
Financial returns, 367 
Fire extinguishers, 270 
h'lres, sources of, 269 
Firestone Tiro and Rubber Co., 272 
First-aid station. 316, 317 
Flat roof, 333, 334 
Floor blanks, 75 
Floor plans, 75, 85, 90 
Floor space, 202, 229 
Floor stock, 232 

Flow charts, for plant layout data, 115, 120- 
123, Fig. 53 

of processes, see Process flow charts 
Flow of cafeteria lines, 313 
Flow of electricity, 273 
Flow of material, control of, 254, 255 
core of plant layout, 211, 212 
development of, 161 
general flow plan, 359 
in a paint-canning plant, 360 
on a plant layout, 362, Fig. 212 
schematic flow diagrams, 361 
starting point of, 205 
stopping point of, 206 
through a plant, 2, 176, 177 
Fluorescent lamps, 289 
Forms for capacity data, actual performance 
on existing layout, 136 
annual saving on new layout, 140 
component part analysis, 116, 131, 142, 
description and purpose of, 131-133, Fig. 
equipment and facilities requirements, 

123, 132 
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Forms for capacity data, Labor Costimator 
chart, 154, Fig. 69 

machine load data, 116, 131, 132, 143 
machine-tool layout information, 81, 132 
manufacturing layout and estimate, 132, 155 
manufacturing layout data, 116, 131, 151 
material-handling activity, 206 
material-handling cost analysis, 209 
operation analysis, 120, 132 
output by types of products, 138 
plant layout comparison sheet, 132, 148 
product load analysis, 131, 141, 144 
standard time operation routing, 130 
template sheet, 91 

work sheet for operation and process flow 
charts, 161 

work station layout, 119, 132, 166 
Forms for cost data, analysis of capital ex¬ 
penditures, 365 

description and purpose of, 124, 126, Fig. 

53, 359, 363, 365, 367, 369-371 
estimated added cost for increased produc¬ 
tion, 371 

estimated returns on layout projects, 366 
material, labor, and expense, 370 
optional investment plans, 364 
optional profit plans, 125, 126, Fig. 53 
projected returns on capital expenditures, 
368 

Functional building design, 332 
Functional production line, arrangement, 51, 
55 

description, 43 

Gaudreau, Rimhach and AssociateSy 6, 7, 23, 
32, 33, 44, 76, 77, 81, 82, 95, 104, 106, 
107, 154, 159, 221, 266, 355, 358, 361 
Gauge rooms, modernization of, 249-251 
General Electric Co., 51, 235, 236, 308, 314, 
320 

General Motors Corp., 50, 92, 316, 319 
General offices, 295, 296, 302 
Germicidal lamps, 320 
Goodyear Tire and Rubber Co., 212 
Gravity tanks, 269, 270 

Handicraft industries, 23 

Handlings, number of, 176 

Harhison-Walker Refractories Co., 197, 198 

Hauling to storage, 200 

Hauserman, E. F., Co., 297, 300, 302 

Hazards from traflic, 201 

Heat balance, 272 

Hoists, classification of, 188, 189 

Household industries, 23 


Humboldt Full Fashioned Hosiery Mills, 162, 
163, 313 

Illuminating Engineering Society, 288 
Illumination levels, 287, 288 
Incandescent lamps, 289 
Indexed time values, 170 
Industrial engineering, advent of, 23 
Industrial famps, 289 
Industrial management, 23 
Industrial output, 338, 344 
Industrial revolution, 23 
In-plant feeding, 311 
Inspection department layout, 246-249 
Inspection of material, 215 
Inspection station, in production line, 252 
location, 253 

International Business Machines Corp., 293 

Inventory controls, 230 

Inventory levels, 146 

Inventory taking, 237 

Investment, see Capital investment 

Job-lot orders, 145 

Job lots, stages in development of, 39 

Kahn, Albert, Associated Architects and Engi- 
neers, 50, 74, 207, 216, 260, 292, 310, 356 
Kellex Corp., 113 

Kellogg, M. W., Co., 58, 70, 71, 113 
Key plans, 75, 77 
Kitchen layout, 314-316 
Kitchen mobile unit, 312 

Labor cost, see Cost of labor 
Labor Costimator chart, 154, Fig. 69 
Labor group, 172 
Labor productivity, 31 
Laboratories, layout of, 304 
modernization of, 249-251 
Lady Esther, 260 
Lamps, types of, 289 
Landscaping, 307 
Lane Co., The, 329 
Lavatories, 319, 320 
Laydowns of templates, 90, 92, 103 
Layout, see Plant layout 
Lift trucks, types of, 192 
Lifts, classification of, 188, 189 
Lighting, cafeteria, 315 
cold-cathode, 289 
general, 288 

measurement of, 287, 288 
medical department, 318 
objectives of, 286, 287 
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^ Lighting, of offices, 291-294, 305, 306 
^ requirements, 286-289 
^ types of lamps for, 289 
types of systems of, 288 
Line storage, 232, 251 
Lineshafts, 24, 284-286 
Lipe-Rollway Corp., 175 
Load-center distribution, 281 
Loading facilities, 218, 220, 221 
Lockers for employees, 319, 320 
Lockwood Greene Engineers, Inc., 162, 163, 
274, 275, 295, 313, 315, 323, 327, 352 

Machine clearances, 256, 257 
Machine crew as work center, 45, 46, 48 
/ Machine load, calculations, 152 
V data forms, 116, 131-132, 143 
Machine operation, detail data, 149, 150 
estimates, 150-152 
mechanization, 182 
sequence, 193 

Machine-tool layout information form, 81, 
132 

Machinery and equipment, drawings of, 83, 
86-89 

field sketches of, 86-88 
layout data on, 82-84 
maintenance of, 261 
operation factors of, 157 
record cards of, 80-83 
selection of, 156 
spotting on layout, 88, 89 
templates of, 90, 91 
Machinery and tooling, selection of, 152 
Mail department, 294 
Maintenance, buildings and grounds, 261 
machinery and equipment, 261 
service departments, 261 
tools, 266 

Maintenance activities, 261 
Maintenance department, centralization of, 
259, 260 

classification of, 260 
decentralization of, 260 
location of, 259, 260 
size of, 261, 262 

Maintenance work categories, 261 
Management, blueprint of, 1, 326, 370 
industrial, 23 

Manufacturing cost, see Cost of manufactur¬ 
ing 

Manufacturing cycle reduced by layout, 34 
Manufacturing expense, see Cost of manu¬ 
facturing 
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Manufacturing layout and estimate form, 132, 
155 

Manufacturing layout data form, 116, 131, 
151 

Manufacturing methods, analysis, 150-152 
operation factors, 157 
selection, 154r-156, 168 
work motions, 170, 171 
Manufacturing stages of growth, 39, 42 
Market research, 133 
Market survey, 4 

Marketing aspects, of plant layout, 66, 67, 
116, Fig. 53 

profit determination of, 125, 126 
sales forecast of, 144, 145 
Marketing cost, 66 

Mass production, description of, 42, 43 
in baking industry, 40, 41 
in small-motor plant, 52-54 
Material, description of, 196 
flow diagram of, 357-359 
handling of, 226, 227 
inspection of, 215 
physical aspects of, 199 
quality control factors of, 245, 246 
shortage of, 235 
value of handling of, 230 
Material cost, see Cost of material 
Material handling, activity of, 205 
basic data for project of, 196 
check-list of factors of, 197 
cost of, see Cost of material handling 
definition of, 176 

flow diagram for, see Flow of material 
mileage traveled in plant, 178 i 

number of, 176 

savings in, see Cost of material handling 
time for, 178, 180 

tons handled per ton shipped, 177, 178 
weight of material received, 211 
Material-handling applications, in assembly 
line, 47, 50 

in baking industry, 40, 41 
in canning factory, 360 
in ceramics plant, 260 
in chip disposal by conveyors, 207 
in foundry and machine shop, 362 
in gear-motor plant, 32, 33 
in hosiery mill, 162 
in loading cargo planes, 222 
in small-motor plant, 52, 54 
in turbine plant, 51 

in work station, 44, 47, 166, 171-175, 240 
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Material-handling equipment, classification of, 
185-189 
design of, 182 

double-deck assembly system, 50 
pallets of work in process, 235, 236 
racks for unit loads, 129, 241 
study drawing of handling system, 328 
types of conveyors, 179, 181, 183 
cranes, 177, 185 
lift trucks, 192 
skids, 192 

tiering machines, 192 
tractor-and-trailer trains, 190 
unit loads in a glass factory, 220 
Material-handling operations, by machine 
operators, 191 
damage in, 251 
dispatch stations, 255-257 
operating factors of, 157 
inspection stations, 253 
outdoor storage area, 237 
prepositioning of material, 240 
project data, 196 

receiving-inspection department, 248 
reduction in, 193 
relation to plant layout, 195 
signs of improper layout, 37 
starting and stopping points of, 196, 205, 206 
storage at work stations, 173, 174 
volume of operations, 196 
work in process, 235 
Mechanization, see Plant modernization 
Medical department, 316-318 
Medical services, types of, 316 
Mercury-vapor lamps, 289 
Methods engineering, concepts of, 167 
'layout data from, 10 

Methods studios, of principal operations, 167, 
168 

technique of, 169 
Mileage traveled by material, 178 
Miniature plants, atomic power plant, 113 
electronic plant, 308 
foundry molding and casting, 112 
furniture factory, 329, 330 
metalworking plant, 355 
naval stores plant, 359 
oil refining plant, 354, 356 
scale models used in, 112, 113, 330, 356 
Modern Industry, 360 

Modernization of plants, see Plant mod¬ 
ernization 

Monitor roof, 333, 334 


Monorail systems, bridge cranes for, 335 
classification of, 188, 189 
vertical curves in, 201 
Motion economy, sweep of hands, 45 
Motor drives, see Power drives 
Motor vehicle data, 217 

National Safety Council, 204, 298 
Naugatuck Chemical Co., 274, 275 
Net profit amount, 367, 369 
New developments, 348, 349 
Newport Industries, Inc., 359 

Office, areas, 293, 294 
clearances and dimensions, 296, 297 
departmental boundaries, 49 
facilities, 303 

layout information, 291-294 
lighting, 291-294, 305, 306 
location, 290 
planning, 290, 291 
Office design, drafting room, 292 
employment office, 309 
gi'neral offices. 291, 306 
mail department, 294 
president’s office, 295 
private offi(*es, 301, 305 
tabulating room, 293 
tyjies of offices, 291, 292, 294-296 
Operating cost, see Cost of manufacturing 
Operation analysis form, 120. 132 
Oi)eration fairtois, analysis of, 157 
Operation routing, 130 
Olieralion sequence, 120 
Operation volume in material handling. 196 
Orders, manufacturing, 145 
Outdoor storage, 237 

Outlays of capital, see Capital investment 
Output capacity, of production center, 173 
of work station, 173 
Output per plant in U. S., 56, 57 

Pallets, placement of, on floors, 203, 204 
in warehouses, 200 
Parking lots, 307 
Partitions in offices, at angles, 297 
off center, 300 
Pedestrian traffic, 310 

Perspective drawings, additions to a plant, 
325 

architect’s rendering, 352 
artist’s conception, 352 
cutaway drawing, 356 
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Perspective drawings, foundry and factory, 
224 

rolling mill for aluminum foil, 111, 112 
PhilnHdphM Efrctnc Co., 277, 289 
Pilot plant, 58 
Pilot run, 169 
Pitched roof, 333, 334 
Pittsburgh Plato Glass Co., 360 
Plant, atomic power, 113 
Plant approach, 309 

Plant building, see headings beginning Build¬ 
ing 

Plant capacity versus market demand, 67 
Plant departmental boundaries, 48, 49 
Plant departments, actual performance in, 
136, 137 

description of, 172 
types of, 49 
work centers in, 48 
Plant entrance for employees, 308 
Plant expansion, increase in production, 9, 

38 

in foundry and factory, 224, 225 
in foundry and machine shop, 358 
in minialure, 330 
in oil refinery, 70, 71 
in wartime, 348 
plans for, 350, 351 
stages of growth of, 39 
Plant investment, see Capital investment 
Plant layout, advantages of good design, 27, 
31, 34, 35 
in 1790, 22 

scope of iiroject, 57, 58 

signs of improper layout, 20, 35-37 

subdivisions of, 172 

Plant layout area diagrams, allocations on, 
122 

of electric-motor plant, 78 
of machinery and assembly plant, Fig. 55 
schematic flow diagram, 361 
Plant layout boards, in a frame, 93 
mural, 92 

Plant layout capacity, 136-139 

Plant layout comparison sheet form, 132, 

148 

Plant layout data, categories of, 115, Fig. 53 
cost information, 124, 126, Fig. 53, 359, 363, 
367, 369-371 

field data, 68, 69, 84-89, 117, 118, Fig. 53 
flow charts, 115, 120-123, Fig. 53 
intangible factors in, 4, 66, 67, 116, Fig. 53 
of machinery and equipment, 82-84 
on existing facilities, 68, 69 
on operating details, 149, 150 
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Plant layout data, on production, 68, 116, 
117, Fig. 53 

on production facilities, 80-84, 118-120, 

Fig. 53 

on template laydowns, 123, Fig. 53 
Plant layout design, accuracy of calculations 
for, 149 

antiquated plants, 29 

cross-sections of one-story buildings, 333 

cutaway perspective drawing, 356 

estimating machine operations, 150-152 

general principles of, 325-328, 330-333 

long-range planning, 329 

modern plants, 30 

ore-refining plant, 354 

pilot plant for, 58 

preliminary steps in, 147 

schematic flow diagram, 212, 361, 362 

shuffling machine templates, 164 

study drawing from, 328 

study plans, 304 

technical knowledge of processes, 149 
three-dimensional, 355, 359 
time values for, 152, 153 
work-station layouts, 44, 165, 166 
Plant layout development, by methods en¬ 
gineering, 10 

with scale models, 105-108, 112, 355 
Plant layout engineer, duties of, 16, 17 
personal characteristics, 14-16 
technical qualifications, 16. 17 
Plant layout engineering, definition of, 2 
development of, 2 
espousal by time study, 24 
functions of, 1 

fundamental concepts of, 1, 28 
objectives of, 37, 38, 114 
Plant layout flow charts, 115, 120-123, Fig. 53 
Plant layout organization, company-wide de¬ 
partment, 11 
departmental group, 13 
functional chart of, 12 
functions of personnel in, 18 
under plant engineer, 11 
Plant layout plan specimens, additions to a 
plant, 325 

administration and chemistry building, 304 
architect's rendering of plant, 353 
artist’s conception of plant, 352 
automobile factory, 92 
cafeteria, 314 

cross-section of power plant, 276 
cutaway perspective drawing, 356 
fluorescent ballast department, 96 
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Plant layout plan specimens, foundry and 
factory, 224 

foundry and machine shop, 362, Fig. 212 

gear-motor plant, 32, 33 

gristmill in 1790, 22 

hosiery mill, 162 

lamp works, 73 

machining and assembly plant. Fig. 55 
molding plant, 213 
office layouts, 300, 302, 303 
oil refinery, 69 

perspective drawings. 111, 112, 224, 325, 
352, 353, 356 

plot plans, 73, 74, 76, 77, 308, 358, 359 
receiving and inspection department, 248 
rolling mill for aluminum foil, 111, 112 
scale-model plans, 102-107, 112, 355 
schematic flow diagram, 361 
study drawing from layout, 328 
template laydowns, 92, 96, 103, 109 
washrooms, 320 
work stations, 44, 166 

Plant layout plans, activities affected by, 28, 
31 

actual performance from, 135-140 
basic facts of, 25 
design of, 5, 6, 25 
development of data for, 2-5 
development of drawings for, 106, 107 
estimating output capacity for, 135-140 
normal life of, 127, 128 
objectives of, 124, 128, 129 
plot plans, 73, 74, 76, 77, 308, 358, 359 
potential savings from, 27 
preliminary survey for, 62-65 
selection of, 123-126 
statistics for, 62, 64, 65 
* subdivisions of plant in, 172 
tentative drafts of, 64, 65, 67 
types of, 42, 60-62, 67, 90 
Plant layout plot plans, see Plot plans 
Plant layout procedures, 115, Fig. 53 
Plant layout project, time to develop, 352 
Plant layout scale models, see Scale models 
Plant layout sketches, cross-sections of build¬ 
ings, 333 

field sketches of floor plan, 85 
floor sketches for machine templates, 87 
locating machines by triangulation, 89 
Plant layout templates, see Templates 
Plant modernization, aluminum foil rolling 
mill, 50 

automobile body assembly, 50 
baking industry, 40, 41 
ceramics plant, 36 


Plant modernization, foundry and machine 
shop, 125, 126, 358, 362, Fig. 212 
furniture factory, 329 
gauge rooms, 249-251 
gear-motor assembly, 32, 33 
in World War II, 184 
laboratories, 249-251 
laboratory buildings, 332 
mechanization of handling, 184 
molding and casting in a foundry, 112 
need for, 321 

oil refinery expansion, 68, 70, 91 
prime objectives of, 38 
printing plant, 323-325 
refractories plant, 198 
shapes of buildings, 331 
turbine manufacturing, 51 
Plant output, breakdown by products, 137- 
139 

in total U. S., 56, 57, 338, 344 
Plant shortage in U. S., 345, 346 
Plant site, boundaries of, Fig. 55 
data required on, 325 
layout of, 117 
restrictions from, 323, 324 
selection of, 324 

Plants, design of, 29, 30, 58, 325-328, 330-333 
number of, in U. S., 56 
output of, in U. S., 56, 57, 338, 344 
pilot, 58 

size pattern of, in U. S., 55-57 
typos of, 25 
wage earners in, 55, 56 
Platform for loading, 215-220 
Plot plans for plant layout, electronics plant, 
308 

for proposed additions, 357, 358 
in three dimensions, 359 
of modern manufacturing plant, 72-77 
Pneumatic systems, classification of, 188, 189 
Power, single-line wiring for, 278, 279 
load-center distribution of, 280, 281 
Power distribution, electric, 277 
load center for, 280, 281 
Power drives, capacity of, 284, 285 
characteristics of, 283, 284 
group motor drives, 284-286 
individual motor drives, 283-285 
layout of, 285, 286 
mounting of, 285, 286 
types of, 282 

Power feeders, locating of, 281 
Power load, estimating of, 280 
Power plants, 272-275 
Power substations, 280-281 
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Power system, components of, 276 
Power transmission, 282->285 
Pratt and Whitney Aircraft Corp., 207, 216, 
292 

Presentation of plant layout proposal, 351 
President’s office, specimen of, 295 
Private offices, layout of, 295, 296, 300-302 
Process flow charts, advantages of, 8 
construction of, 163 
data summarized on, 64 
for a capacitor, 79 
for a cylinder head, 159 
for a 750-watt lamp, 160 
for a 60-watt lamp, 121 
purpose of, 158 
f symbols for, 158 
types of, 158, 162 
^ ultimate use of, 162 
Process handling equipment, classification of, 
188, 189 

Processes, technical knowledge of, 149 
Processing departments, boundaries of, 49 
signs of improper layout in, 36, 37 
Product cost, see Cost of product 
Product design, basis for product analysis, 4 
changes in, 193 
manufacturing factors of, 131 
probable duration of, 127, 131, 134 
Product load analysis form, 131, 141, 144 
Production center, output capacity of, 173 
Production control, benefits from layout, 34 
Production cost, see Cost of Manufacturing 
Production data for plant layout, 68, 116, 117, 
Fig. 53 

Production Engineering and Management, 92 
Production facilities, data on, 80-84, 118-120, 
Fig. 53 

Production flow charts, see Process flow 
charts 

Production in straight-line flow, 42, 213 
Production increase, 9 
Production line, advent of, 49 
description of, 172 
functional type of, 43, 51, 55 
inspection station on, 252 
straight-line type of, 42, 213 
Production load, check-list of, 68 
Production per plant in U. S., 56, 57 
Production quantity requirements, 134 
Production trends and forecasts, 61 
Production volume, by components, 142 
by products, 137-139 
seasonal influences on, 146 
Project engineer, duties of, 17 


Project proposal, evaluation of, 359, 363 
for capital outlay, 350 
Proving grounds, 253 
Pure Oil Co., 304 » 

Pyramid Mouldings, Inc., 213 

Quality control, conditions required for, 245 
in receiving department, 247 
layout for, 252, 253 
necessity for, 244 
operation factors of, 157 
planning for, 246, 247 
preventive measures for, 246 
provisions for, 245, 246 
quarantine area, 247, 248 
test floor for, 254 

Quarantine area for production control, 247, 
248 

Racks for storage, 239-242 
Railcar dimensions, 218, 219 
Railroad data for layouts, 219 
Railroad equipment for material handling, 
186, 187 

Ramps, overhead, 308 
Rate-setting, methods of, 168, 169 
Raw materials, market conditions of, 235 
operation factors of, 157 
selection of, 156, 157 
Raw stores, 232 

Receiving department, design of, 214, 215 
layout of, 246-249 
signs of improper layout in, 35 
Receiving facilities, 223, 226 
Receiving material, 200, 211, 212 
Reductions in cost, see headings beginning 
Savings 

Rehabilitation, in post-war period, 345 
of a plant, 322 

Renderings by architects, 225, 353 

Repair shops, types of, 259 

Republic Steel Corp., 327 

Reserve stock, 232 

Rest rooms, 320 

Right-angle stacking, 204 

Roof standards for one-story plants, 333, 334 

Roofs, types of, 227 

Routing of operations, 130 

Safety standards, 203 

Sales forecast by products, 144, 145 

Sales requirements, 67 

Savings, in direct labor cost of material 
handling, 180 

in labor cost from plant layout, 31, 34, 140, 
144 
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Savings, in manufacturing cost, from plant 
layout, 34, 35, 148, 321 
opportunity for, 10 

Savings potentials in material handling cost, 
26, 27 

Savings returns on expenditures, 366, 368 
Sawtooth roof, 333, 334 
Scale models, advent of, 94, 101, 102 
ASME standards for, 99-101 
in developing a layout, 105-108 
layouts planned with, 102-107, 112, 355 
miniature plants from, see Miniature plants 
used with templates, 103 
wooden versus cast metal, 102 
Scrap disposal of metal chips, 207 
Seasonal influence on output, 146 
Selection, of building, 328, 331, 353 
of machinery, 156 

of manufacturing methods, 154-156 
of material-handling equipment, 195, 207 
of operations, 168 

of plant layout plan, 123-126, 132, 148 
of raw materials, 156, 157 
Sequence of operations, 120, 158 
Service departments, maintenance of, 261 
boundaries of, 49 
Serving counter in cafeteria, 315 
Shelving clearances in offices, 299 
Shipping department layout correctives, 35 
Shipping dock with overhead doors, 216 
Shipping facilities, planning of, 223, 226 
Shipping material, 211, 212, 232 
Shipping port, 221 
Shop offices, 296 
Siding, freight-car, 201, 337 
Sinclair Refining Co., 332 
Singer Manufacturing Co., 335 
Single-line wiring, 278, 279 
Site, see Plant site 
Sketches, see Plant layout sketches 
Skids in warehouses, 192, 200 
Slater, Samuel, 23 
Sloane-Blabon Corp., 327 
Small-lot orders, 145 
Society for Industrial Packaging, 205 
Soil-bearing value, 325, 326 
Southern Railway System, 331 
Spans in factories, 335 
Spotting machinery on layouts, 88, 89 
Sprinkler systems, operation of, 267, 268 
types of, 268, 269 
Stacking, diagonal, 204 
right-angle, 204 
Stacking storage, 200 


Standard Register Co., 324, 325 
Standard time operation routing form, 130 
Standpipe water system, 270 
Steam requirements, 271, 272 
Stevenson, Jordan & Harrison, Inc., 303 
Stock orders, 145 
Stock piles, 232 
Stock rooms, 232 

Stone <fc Webster Engineering Corp., 51, 272, 
276, 304, 314, 320, 328, 359 
Storage, hauling to, 200 
Storage, bins, 231-234, 241 
facilities, classification of, 188, 189 
in dispat(!h stations, 255-257 
in work stations, 173, 174, 239, 240 
of containers, 199 
of hot water, 273 
of work in process, 236 
on floor, 242 
on production line, 251 
outside, 237, 238 
racks, 239-242 
requirements, 234-236 
space, 227 

Storerooms, capacity of, 235, 236 
design of, 237 
for material, 232 
functions of, 231, 232 
location of, 237 
of yesteryear, 230 
planning of, 230, 231 
requirements of, 232, 233 
signs of improper layout in, 35 
Stores issues, 234 

Straight-line production, actual layout of, 50- 
54 

arrangement of machinery in, 49, 50 
description of, 42 
flow of material in, 213 
Supervision in factory, layout savings in, 34 
Supply room, 232 
Survey of markets, 4 

Switchgear equipment, location of, 281, 282 

Tabulating room, 293 
Template laydowns, 90-93, 103 
Template layouts, 123, Fig. 53 
Template sheets for machinery and equip¬ 
ment, 90, 91 

Templates, ASME standards for, 98, 99 
block, 94, 95 
field sketches for, 86-88 
in developing a layout, 105-1^8 
model combinations with, 93, 103, 104 
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Templates, on complete layouts, 52-54, 96,109 
on machine reference card^, 81 
on work-station layouts, 44 
shuffling of, on floor plan, 164 
types of, 94, 95 

Test floor as proving grounds, 253 
Test floors, layout of, 254 
Thompson Aircraft Products, Inc., 310 
Tiering machines, classification of, 186, 187 
types of, 192 
Tiering operations, 228 
Time clocks, 311 
Time studies, functions of, 168 
observations made in, 168 
Time study espousal of plant layout, 24 
Time values, decimal hours for, 153 
estimated by foremen, 169 
in layout work, 152, 153 
Labor Costimator chart, 154, Fig. 69 
of past performance, 169 
standard indexed data of, 170 
Tonnage handled, 177, 178 
Tool cribs, centralization of, 263, 264, 266, 
267 

chains systems of, 263, 264, 267 
layout of, 263 
planning of, 264, 265 
stores functions of, 232 
Tool Engineer, The, 213 
Tool maintenance, 266 
Tool reconditioning, 265-267 
Tooling, operation factors of, 157 
Tools, design of, 193 
Tractor-and-trailer trains, types of, 190 
Tractors, classification of, 186, 187 
Traffic hazards, 201 
Traffic in aisles, 202 
Trailers, classification of, 186, 187 
Transformer equipment, location of, 280, 281 
Transportation, air-freight, 222 
Truck dimensions, 217 
Truck ports, 214 

Trucks, classification of, 186, 187 
lift types of, 192 
Turbines, exhaust-steam, 273 

Unit loads, in a glass factory, 220 
planning of, on pallets, 202 
racks for, 129 
storage of, on pallets, 238 
U. S. Dept, of Commerce, 200, 203, 204 
17. S. Gypsum Co., 291, 305, 306 
U. S. Rubber Co., 315 

Utah Oil Cp., 70, 71 

!> 


Vending machines, 319 
Voltage, ehoice of, 282 

Wage earners per plant in U. S., 55, 56 
Wage rfites, ceiling on, 10 ' 

Walkway, overhead, 310 
Warehouses, basic types of, 228, 229 
handlings of material in, 227 
skids and pallets in, 200 
Wartime expansion, 344-348 
Wartime production, 184 
Wash fountains, 319, 320 
Wash rooms, 319, 320 
Water supply, sources of, 269, 270 
Water tanks, gravity, 269 
Water towers, 269, 270 
Westinghouse Electric Corp., 47, 52-54, 72, 
73, 96, 103, 111, 112, 121, 160, 190, 248, 
250, 252, 254, 256, 257, 354 
Window-sill heights in offices, 298 
Work center, at assembly station, 46, 47 
at work station, 43, 44, 47, 48 
in machine crew, 45-48 
in process industries, 45, 46 
subdivision of layout, 172 
Work elements, non-productive, 8 
Work in process, movement of, 254, 255 
storage of, 232 

Work sheet for operation and process flow 
charts, 161 

Work simplification techniques, 197 
Work station, advantages of planning of, 171 
as work center, 43, 44, 47, 48 
auxiliary equipment needed in, 164, 165 
boundaries of, 165 
definition of, 165 
floor area in, 43, 45 
layout form for, 119, 132, 166 
layout of, 44, 165, 166 
material handling in, 171, 173 
output capacity of, 173 
storage of material in, 173, 174, 239, 240 
workbenches in, 174-176 
Workbenches, conveyorized. 260 
Workbenches at work stations, 174-176 
Workers, benefits from good layout, 31 
operation factors of, 157 
signs of improper layout on, 37 
Working conditions, 307 
Wrigley, Wm., Jr., Co., 291 

Yard hydrants, 269 
'Yard storage, 232, 237, 238 





